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Table 1- The physical and chemical properties of soil

R W b EC. Ofore Amd ealy  oal gy gwe PSe el oy
Sand  Silt Clay Texture N P K Fe Zn Cu Mn Cd Pb
% - - dS/cm 7. mg/kg
382 423 195 Loam 7.60 0.15 0014 10 250 35 0026 084 315 006 0.24

o 2 g OLS U531 g &gy i el 9 (2Isp (S T (339 3t (ol S lewd ST il g 413 @l Y Jgaa
Table 2- The analysis of variance of data showing the effects of treatments on fresh weight of aerial part and root, number of
plant and height of berseem clover

©layo nSibe
ol i olie @y’ Mean square
S & &35 lgh i 9 33 ada, 5 o3 SIAE 3 gy Slaw oLS £lis |
Source of variation 2] 9P o ¥ 09 202 01 OMR Py © &%)
df Fresh weight of Fresh weight of Number of plant per Height of
aerial part root pot plant
"""‘?K on 4 5898.56™ 3848.71" 365675.21™ 7356.08™
Cadmium levels
@‘L & 7 1558.39™ 828.30™ 248469.65™ 5710.27"
Inoculation type
oAl 98 X a3l sl " " " "
Cadmium levelsx 28 114.99 130.13 101919.05 1354.61
Inoculation type
- 80 19.74 30.52 38904.66 575.33
Error
RIWE SO Rv
Coefficient of Variations - 8.20 13.12 9.10 9.73
(%)
s I3 iz NS 5 it Y ime Suoyd gty 9 S o )3 i 4y * 5 *F
**and * significant at 1% and 5%, respectively and ns, not significant.
45 5 A_ &S fresh weight of aerial part ) se n 20y
20 2 X N s 8 Dfreshweightofroots, o
3 B 60 = C
:-‘9_‘ E ot C ~ = S0
E | 3 g e 0
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Cadmium leyek (mg.-'kg; Cadmium levels (mg/kg)
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Figure 2- The effects of different level of cadmium on ol s
height of plant _ (Sl ogoe _

Figure 1- The effects of different level of cadmium on

fresh weight of aerial part and root
(Uppercase letters for aerial part and lowercase letters for

root indicate significant differences)
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Figure 3- The effects of different level of cadmium on number of plant per pot
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Figure 5- The effects inoculation type on height of plant.

B, I, M, MI, MIT, T, IT, and MT showed no inoculation,
inoculation with Glomus intraradices, Glomus mosseae,
Glomus mosseae + Glomus intraradices, Glomus mosseae +
Glomus intraradices + Rhizobium trifolii, Rhizobium trifolii,
Glomus intraradices + Rhizobium trifolii, and Glomus mosseae
+ Rhizobium trifolii, respectively.
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Figure 4- The effects inoculation type on fresh weight of
aerial part and root
B, I, M, MI, MIT, T, IT, and MT showed no inoculation,
inoculation with Glomus intraradices, Glomus mosseae,
Glomus mosseae + Glomus intraradices, Glomus mosseae +
Glomus intraradices + Rhizobium trifolii, Rhizobium trifolii,
Glomus intraradices + Rhizobium trifolii, and Glomus mosseae
+ Rhizobium trifolii, respectively.

(Uppercase letters for aerial part and lowercase letters for root
indicate significant differences)
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Figure 6- The effects inoculation type on number of plant per pot
B, I, M, MI, MIT, T, IT, and MT showed no inoculation, inoculation with Glomus
intraradices, Glomus mosseae, Glomus mosseae + Glomus intraradices, Glomus mosseae +
Glomus intraradices + Rhizobium trifolii, Rhizobium trifolii, Glomus intraradices + Rhizobium
trifolii, and Glomus mosseae + Rhizobium trifolii, respectively.
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Table 3- Mean comparison of interactions between cadmium levels and inoculation type on fresh weight of aerial part and
root, number of plant and height of berseem clover

a5 wlod ois 55 (39 iy 039 OIS > digr dlaws RSN
Ca‘;ﬁr:wiuﬁ’::els Ge’-“ &y Fresh_weight of Fresh weight of Number of plant Heig;lt if pjlant
Inoculation type aerial part root per pot
mg/kg g/pot - cm
B 34.84 | 28.76 m-0 165.00 m-p 18.00 m-o
| 62.44 e-g 42.92 c-i 250.00 e-g 27.001i
M 69.91 ed 51.02 b-e 313.00 cd 39.00d-g
0 T 82.4 bc 7453 a 340.00 bc 45.00 be
Ml 79.29¢ 68.27 a 323.00 b-d 42.00 c-e
IT 88.59 ab 75.26 a 360.00 b 47.00b
MT 90.07 a 773 a 515.00 a 55.00 a
MIT 79.88 ¢ 7172 a 325.00 b-d 43.00 b-d
B 55.73 f-i 40.01 f-I 240.00 f-i 25.30i-k
| 56.29 f-g 40.48 e-k 243.00 f-h 26.00 ij
M 56.88 f-i 41.07 d-j 249.33 e-g 26.10 ij
10 T 70.68 de 51.57 b-d 315.00 dc 39.10d-g
Ml 58.91 f-h 42.76 c-i 250.00 e-g 26.20 ij
IT 75.06 cd 52.5 bc 320.00 b-d 40.00d-g
MT 75.41cd 57.83 Db 321.00 b-d 41.00 c-f
MIT 63.65 ef 45.77 c-g 265.33 ef 34.00 h
B 30.411Im 27.02 no 140.00 p 9.00 pq
| 53.46 h-k 37.1g-n 215.00 g-I 25.00 i-I
M 53.75 h-j 37.37fn 230.00 f-k 25.10 -l
25 T 63.97 ef 46.19 c-g 289.00 de 36.00 g-h
Ml 54.45 g-j 38.65 f-m 233.00 f-j 25.00 -1
IT 67.79 de 47.97 b-f 309.00 cd 37.00 f-h
MT 68.02 de 50.89 b-e 310.00 cd 38.00 e-h
MIT 63.57 ef 44.16 c-h 264.00 ef 27101
B 31.28Im 26.67 m-0 143.00 p 13.33 op
| 31.65Im 27.75 m-0 153.68 op 14.00 0
M 32.531Im 28.46 m-o 160.00 n-p 17.00 no
50 T 36.66 1 32.64i-0 204.00 h-m 21.20j-n
Ml 35.831 29.93 k-0 181.00 I-p 20.10 k-n
IT 49.47i-k 3491 h-o 209.00 g-I 24.20 i-I
MT 52.86 h-k 36.68 g-n 210.00 g-I 24.30 -l
MIT 36.52 1 31.43j-0 198.00 i-n 21.10j-n
B 26.37m 25550 94.00 q 5.00q
| 33.96 Im 27.77 m-0 158.00 n-p 1410 0
M 35.751 29.18 1-0 180.00 I-p 20.00 I-n
100 T 45.47 k 32.21i-0 208.00 g-I 23.00 i-m
Ml 36.26 | 30.26 j-0 189.33 k-0 20.66 k-n
IT 46.24 jk 33.271i-0 209.00 g-I 23.10 i-m
MT 46.73 jk 33.53 h-0 209.00 g-I 24.00 i-l
MIT 36.451 30.61 j-0 195.00 j-0 21.00 j-n
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In each column, means with similar letters don’t have significantly different in probability level of 5%, from the view point of
Duncan's multiple range tests.
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B, I, M, MI, MIT, T, IT, and MT showed no inoculation, inoculation with Glomus intraradices, Glomus mosseae, Glomus mosseae +
Glomus intraradices, Glomus mosseae + Glomus intraradices + Rhizobium trifolii, Rhizobium trifolii, Glomus intraradices +
Rhizobium trifolii, and Glomus mosseae + Rhizobium trifolii, respectively.
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Table 4- The analysis of variance of data showing the effects of treatments on Fe, Zn, Cd concentrations in aerial part and
root and Cd uptake of berseem clover

Ol o (mibe
Mean square

c)',.xés &L’w 4?)3

Source of L1 roR o s o] edalé 6 . Sy bl ~ - 38 Bl 25 Lds
variation df o it "& wlgp iy Ay, wlgd s ) e 2
Fe in aerial Feinroot  znin aerial o Cd in aerial o Cd uptake
Znin root Cd in root
part part part
’MDK gshe 4 70586.84**  145742.17** 9477.48** 1744 53** 351.19** 908.72** 0.075**
Cadmium levels
@L & 7 23202.97** 43701.07** 2601.42** 721.98** 5.08** 13.36** 0.0002ns
Inoculation type
Tl g5 X pradls g gloaus
Cadmium levelsx 28 1597.77** 3496.25** 213.15** 69.55** 0.55** 1.34%* 0.0002*
Inoculation type
b= 80 105.90 328.12 17.45 16.20 0.07 0.38 0.0001
Error
Oyl o pd duop>
Coefficient of - 5.43 7.65 4,95 4.53 6.93 9.16 5.25

Variations (%)

g JI3 xo NS g A 15 Siro duoyd iy 5 G o Py 4 * g

*

**and * significant at 1% and 5%, respectively and ns, not significant.
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Figure 8- The effects of different level of cadmium on Zn
concentration in aerial part and root
B, I, M, MI, MIT, T, IT, and MT showed no inoculation,
inoculation with Glomus intraradices, Glomus mosseae,
Glomus mosseae + Glomus intraradices, Glomus mosseae +
Glomus intraradices + Rhizobium trifolii, Rhizobium trifolii,
Glomus intraradices + Rhizobium trifolii, and Glomus mosseae
+ Rhizobium trifolii, respectively.
(Uppercase letters for Zn concentration in aerial part and
lowercase letters for Zn concentration in root indicate significant
differences)
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Figure 7- The effects of different level of cadmium on Fe
concentration in aerial part and root
B, I, M, MI, MIT, T, IT, and MT showed no inoculation,
inoculation with Glomus intraradices, Glomus mosseae,
Glomus mosseae + Glomus intraradices, Glomus mosseae +
Glomus intraradices + Rhizobium trifolii, Rhizobium trifolii,
Glomus intraradices + Rhizobium trifolii, and Glomus mosseae
+ Rhizobium trifolii, respectively.
(Uppercase letters for Fe concentration in aerial part and
lowercase letters for Fe concentration in root indicate significant
differences)
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Figure 9- The effects of different level of cadmium on Cd concentration in aerial part and root and Cd uptake
(Uppercase letters for Cd concentration in aerial part and lowercase letters for Cd concentration in root indicate significant
differences)
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Figure 11- The effects inoculation type on Zn concentration Figure 10- The effects inoculation type on Fe concentration
in aerial part and root. in aerial part and root.

B, I, M, MI, MIT, T, IT, and MT showed no inoculation, B, I, M, MI, MIT, T, IT, and MT showed no inoculation,
inoculation with Glomus intraradices, Glomus mosseae, inoculation with Glomus intraradices, Glomus mosseae,
Glomus mosseae + Glomus intraradices, Glomus mosseae + Glomus mosseae + Glomus intraradices, Glomus mosseae +
Glomus intraradices + Rhizobium trifolii, Rhizobium trifolii, Glomus intraradices + Rhizobium trifolii, Rhizobium trifolii,
Glomus intraradices + Rhizobium trifolii, and Glomus mosseae = Glomus intraradices + Rhizobium trifolii, and Glomus mosseae
+ Rhizobium trifolii, respectively. + Rhizobium trifolii, respectively.

(Uppercase letters for Zn concentration in aerial part and (Uppercase letters for Fe concentration in aerial part and

lowercase letters for Zn concentration in root indicate significant ~ lowercase letters for Fe concentration in root indicate significant
differences) differences)
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mosseae + Glomus intraradices, Glomus mosseae + Glomus intraradices + Rhizobium trifolii, Rhizobium trifolii, Glomus
intraradices + Rhizobium trifolii, and Glomus mosseae + Rhizobium trifolii, respectively.
(Uppercase letters for Cd concentration in aerial part and lowercase letters for Cd concentration in root indicate significant

Figure 12- The effects inoculation type on Cd concentration in aerial part and root.
B, I, M, MI, MIT, T, IT, and MT showed no inoculation, inoculation with Glomus intraradices, Glomus mosseae, Glomus

differences)
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Table 5- Mean comparison of interactions between cadmium levels and inoculation type on Fe, Zn, and Cd concentrations in
aerial part and root of berseem clover

sl ghs o OB e ow S g SR e .y
Cadmium Yl i L @i L @leoise 3B iz
: oo %) Co 2 C T 3
levels Inoculation  Feinaerial . . Zninaerial . "° . Cdinaerial . " Cd uptake
type part part part
mg/kg mg/kg mg/pot

B 129 vw 114 m-o 58.67k-p  80.53d-e 0.0022 t 0.0065q  0.0001 |

| 208.33j-1 291.67 fg 95.50 ef 89.67 cd 0.0020 t 0.0098q  0.00008 m

M 237 gh 308.33d-f 103.50de  100.80 b 0.0019°t 0.0079q  0.00008 m

0 T 295.33 ¢ 350 bc 119.17bc  103.90 ab 0.0015t 0.0056 q 0.00007 n

Mi 276.66 de 374 bc 117.17 ¢ 102.70 b 0.0018t 0.0078 t 0.00007 n

IT 342b 375b 128 ab 104 ab 0.0014 t 0.0049 q 0.00008 m

MT 362a 430 a 136.83 a 112.61a 0.0012t 0.0046 q 0.0001 |

MIT 286.66 cd 350 bc 117.67 c 103.30 b 0.0016t 0.0061g 0.00008 m

B 17533 n-p 266.67gh 82.83¢g 84.23 d-f 1.8q 4.24 mn 0.045 i

| 182.66 m-o 270.33gh  83.83¢g 84.83 de 1l4qr 3.55n 0.028 k

M 191.16I-n  283.33fg 85.33 ¢ 84.83 de 1.1rs 2340 0.037 j

10 T 241 gh 326.50 c-e 10450de 101.70b 0.88s 1.6 0p 0.027 k

Mi 194 k-m 288.67 fg 86.83 fg 85.43 de 0.96rs 190p 0.024 ki

IT 2536 f-g 230 c-e 106d 102.10 b 0.86s 1.56 op 0.027 k

MT 260 ef 333.33dc 116.17¢c 102.50 b 0.82s 1.02 pq 0.024 ki
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MIT 210.66 jk  297.33e-g 99de 99.60 b 0.91s 1.89 op 0.025 Kl

B 110 x 100 no 53.67 op 74.29 f 461 7.3ig 0.053 h

| 168.330r  233.33i 81.83¢g 83.73 d-f 3.8m 6.6 jk 0.073 g

M 173.66 n-q 238.67 hi 81.83¢g 83.73 d-f 3.33n 6.5 jk 0.077 fg

25 T 216 ij 300 d-g 100.50de  100.20 b 2.70p 5.8 Ik 0.081 f
Ml 175 n-p 241.67 hi 82.33¢g 83.93 d-f 3.13no 6.2 ljk 0.076 fg

IT 228.67 i 300 d-g 102 de 100.40 b 26p 5.46 Ik 0.079 f

MT 231 hi 300 d-g 102 de 100.50 b 25p 5.11Im 0.070 g

MIT 208.33j- 291.67gf 98de 98 bc 7.56 g 126f 0.076 fg
B 110 x 105.67no  54.67m-p 78.73 ¢f 6.9h 118f 0.096 def

| 118.33wx 105.67no  56.17m-p  78.83 ef 6.51 hi 11.67 f 0.098 de

M 123.66 v-x 144 m-0 58.67 k-p  80.12 d-f 52]j 9.8¢g 0.095 ef

50 T 154.33g-t 172Kl 67.17 j-1 82.23 d-f 6.41i 10.56 g 0.094 ef
Ml 137.33t-v  130.67 m-0 62.17 j-p 80.94 d-f 5.19 k 8.4h 0.095 ef
IT 163.33 p-r  230.33i 77.33 g-i 83.13 d-f 5.12 k 8.2 hi 0.096 def

MT 168.33 0-r  230.331i 79.83 gh 83.13 d-f 59j 10.24 g 0.100 de

MIT 152.33r-t  166.671k  65.66 j-m  83.13 d-f 5.19k 8.4h 0.102 de

B 66y 97.330 52.67p 63.17¢g 10.20 b 16.6 b 0.106 d

| 112.66 v-x  11250n0  56.17 I-p 79.50 d-f 9.66 Cc 15.8 bc 0.148 b

M 132.66 u-w 114.33m-0 60.67j-p  80.83 d-f 8.88 ed 14.3 ed 0.140 c

100 T 158.33t 19167 jk  68.17i-k  82.53 d-f 9.29 cd 15.3dc 0.154 a
Ml 141 s-v 133.33nm  63.17 81.13 d-f 8.5ed 138¢e 0.152 ab

IT 160 p-r 216.67 ij 69.66 ij 82.73 d-f 8.12 f 13.73 ¢ 0.152 ab

MT 161.66 p-r 225 70.72 h-j 82.73 d-f 9.2cd 14.6 ed 0.146 bc

MIT 150.33rv. 147 Im 64.67 j-n 8142d-f 11.25a 17.8 a 0.149 b

)85 003 0 Jlosnl o 3 (6l e BB (S5l (glaials dix 905l Sai Al gy gyl (cla Sk (g p p
In each column, means with similar letters don’t have significantly different in probability level of 5%, from the view point of
Duncan's multiple range tests.
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B, I, M, MI, MIT, T, IT, and MT showed no inoculation, inoculation with Glomus intraradices, Glomus mosseae, Glomus mosseae +

9.

10.

11.

Glomus intraradices, Glomus mosseae + Glomus intraradices + Rhizobium trifolii, Rhizobium trifolii, Glomus intraradices +
Rhizobium trifolii, and Glomus mosseae + Rhizobium trifolii, respectively.
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Introduction: The accumulation of heavy metals in water, sediments, and soils has led to serious
environmental problems. In recent years, several processes have been developed with the aim of reducing or
recovering heavy metals from contaminated environments. Physical and chemical approaches are capable of
removing a broad spectrum of contaminants, but the main disadvantages of these methods lie in the increased
energy consumption and the need for additional chemicals. In recent years, the processes such as bioleaching,
biosorption, bioremediation, phytoremediation, and bio precipitation are all based on the use of microorganisms
that have the ability to solubilize, adsorb, or precipitate heavy metals. Therefore, it is necessary to find some
solutions to reduce the negative effects of heavy metals in soil.

Materials and Methods: A factorial experiment was conducted in the greenhouse of the Faculty of
Agriculture, the University of Zanjan, using a completely randomized design with three replications. In this
experiment, the effects of different levels of soil cadmium (0, 5, 10, 25, and 50 mg/Kg) and soil inoculation
(without inoculation and inoculation with Glomus mosseae, Glomus intraradices, Glomus mosseae + Rhizobium
trifolii, Glomus intraradices + Rhizobium trifolii bacterium, Rhizobium trifolii, Glomus mosseae + Glomus
intraradices and Glomus mosseae + Glomus intraradices + Rhizobium trifolii) on growth of berseem clover were
assessed.

Results and Discussion: The results of this study showed that the soil cadmium levels has a significant
effect (p < 0.05 and p < 0.01) on fresh weights of aerial parts and roots, height, number of the plant in the pot,
Fe, Zn and Cd concentrations in aerial parts and roots of berseem clover. The fresh weights of aerial parts and
roots, height, number of the plant in the pot, Fe and Zn concentrations in aerial parts and roots of berseem clover
decreased as the levels of soil cadmium increased. The lowest concentrations of iron and zinc were measured in
treatment with 100 mg Cd/Kg. Also, Cd concentration in aerial parts and roots increased as the level of soil
cadmium increased. The results of this experiment showed that soil inoculation with mycorrhizal fungi and
Rihzobium trifolii had a significant effect (p < 0.05 and p < 0.01) on fresh weights of aerial parts and roots,
height, number of plant per pot, Fe, Zn and Cd concentrations in aerial parts and roots of berseem clover. The
inoculation of soil with mycorrhizal fungi and Rhizobium trifolii increased the fresh weights of aerial parts and
roots, height and No. of plant per pot. The highest fresh weights of aerial parts and roots of berseem clover,
height, and number of plant per pot were obtained in treatments co-inoculated with Glomus mosseae and
Rhizobium trifolii. The highest and lowest concentrations of iron and zinc in aerial parts and roots of berseem
clover were measured, respectively, for the treatment co-inoculated by Glomus mosseae and Rhizobium trifolii
and control treatment (without inoculation). However, the opposite trends were found in Cd concentrations in the
plant. The highest and lowest Cd concentrations in aerial parts and roots were measured in control treatment
(without inoculation) and treatment co-inoculated by Glomus mosseae and Rhizobium trifolii (MT), respectively.

Conclusion: Bioremediation and phytoremediation are considered as two very safe and necessary
technologies which naturally occur in the soil by microbes and plants and pose no hazard to the environment and
the people life. The procedure of bioremediation and phytoremediation can be simply carried out on site without
initiating a major disruption of normal actions and threating the human life and the environment during
transportation. Bioremediation and phytoremediation are used less than other technologies for cleaning-up the
wastes and contaminated soils. Microorganisms and plants possess inherent biological mechanisms that enable
them to survive under heavy metal stress and remove the metals from the environment. These microbes use
various processes such as precipitation, biosorption, enzymatic transformation of metals, complexation and
phytoremediation techniques of which phytoextraction and phytostabilization have been very effective.
However, environmental conditions need to be adequate for effective bioremediation. The use of

1, 2 and 3- M.Sc. Graduate, Professor and Ph.D. Graduate, Department of Soil Science, University of Zanjan,
respectively.
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hyperaccumulator plants to remediate contaminated sites depends on the quantity of metal at that site and the
type of soil. The results of this experiment showed that the Rhizobium trifolii and Glomus mosseae could be used
to reduce the soil cadmium contamination. Also, the berseem clover is a hyperaccumulator plant for
phytoremediation of cadmium in soils. According to the results of this study, co-inoculation of mycorrhizal
fungus Glomus mosseae and Rhizobium trifolii can be recommended to improve the yield and uptake of
micronutrients such as iron and zinc in cadmium contaminated soils.

Keywords: Heavy metal, Microorganism, Glomus mosseae, Glomus intraradices, Pollution
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Soil property Loam Clay Loam Sandy Clay Loam
(%) o
Sand (%) 45.72 26.88 55.00
(%) cdows
Silt (%) 36.77 35.60 22.50
(%) o
Clay (%) 17.50 35.70 22.50
(1) 030K
Gravel (%) 15.60 8.70 18.20
(9.cm™) ol JSs
BD (g.cm3) 1.20 1.17 1.29
baliS ke b lawgie
2.43
MWDgry (Mmm) 2.22 1.07
(MM) balss b
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(/) Jsdsa
Porosity (%) 54.70 55.80 47.90
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(/) Jobes ol i
CaCOs (%) 27.00 23.30 20.00
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OM (%) 0.58 0.44 0.34
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Figure 4- Estimated values of rill erosion using the Volumetric replacement method versus the observed values in the study
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Introduction: Rills are usually found on the sloping fields worldwide, especially in semi-arid slopes, where
vegetation covers are often poor and soils are weakly aggregated. Rill erosion is recognized as an important
process of water erosion on agricultural land in these regions and causes a grate amount of soil loss.
Understanding rill erosion rate is important in the prediction of soil erosion and the prevention of soil loss in the
lands. Rill erosion is often easy to observe but difficult to measure because of its complexity and stochastic
nature. A common method used to determine rill erosion rate is measuring sediment concentration distribution of
eroding rill flow under different flow rates. However, it is not only time-consuming but also had to measure. The
volume Replacement Method is an easy method to estimate soil loss from rills in the sloped lands. Limited
information is available concerning the ability of this method in different soil textures under slope gradients.
Therefore, this study was conducted to evaluate the ability of the method to estimate rill erosion of semi-arid
soils.

Materials and Methods: This study was conducted on three different soil textures i.e. loam, clay loam and
sandy clay loam under four slope gradients including 5, 10, 15 and 20% using factorial arrangement based on
completely randomized block design with three replications in the laboratory. A flume with 0.3 m width and 4 m
length was subdivided into strips of 0.1 m width and 4 m length to imitate eroding rills. Soil samples for each
soil texture were passed from 8-mm sieve and packed into the flumes at its bulk density in the field. Prior to each
experimental run, the soil materials were pre-wetted to reach to water-holding capacity. Tap water was
introduced into the rill from the upper end, through a water supply tank and a pump at a constant flow rate of 0.5
L.min. After erosion, the flume was lowered to the horizontal position for the measurements of eroded rill
volumes. The rill volume was determined using soil samples passed from a 2-mm sieve. Soil loss mass eroded
from soil surface was computed using rill volume and original soil bulk density packed into the flume. This
value was considered as estimated value using the Volumetric Replacement Method for each soil texture under
different slope gradients. The performance of the method was assessed using the measured data for each soil and
slope gradient using error measures such as root mean square error (RMSE) and mean absolute error (ME).

Results and Discussion: Significant differences were found among soil textures and slope gradients as well
as their interaction on rill erosion rate. The highest rill erosion rate was observed in clay loam (3.166 g.m2.s),
whereas sandy clay loam showed the minimum susceptibility to rill detachment (0.962 g.m2.s%). Higher fine
particles (clay) and lower aggregation as well as weak aggregate stability are the major reasons for higher
susceptibility of clay loam to rill erosion. The rill erosion was more sensitive to slope gradient than soil texture
and the strongest dependency of rill erosion on slope gradient was found in clay loam (R?= 0.99). With an
increase in slope gradient, rill erosion strongly increased except for loam. The Volumetric Replacement Method
overestimated rill erosion in all soils and slope gradients. The highest overestimation was observed in sandy clay
loam (RMSE=2.72 g/m?sec and ME= 7.02 g/mZ.sec), whereas the lowest overestimation value was in loam
(RMSE= 0.60 g/m?.sec and ME= 3.86 g/m?sec). The performance of the Volumetric Replacement Method
decreased in higher slope gradients and the highest overestimation was observed under 20% slope gradient
(RMSE=1.86 g/m?2.sec and ME= 3.84 g/m?.sec).

Conclusion: Rill erosion is strongly affected by soil texture and slope gradient. Particle size distribution,
aggregates percentage and their stability can control the soil’s susceptibility to detach by concentrated water
flow. The Volumetric Replacement Method showed higher uncertainty as evaluated in the semi-arid soil textures
especially under steep slopes. The change of soil physical properties by water flow especially bulk density result
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in errors in determination of rill volume by using this method. The higher change of physical properties by
concentrated flow occurs in fine soil textures and steeper slopes. Additionally, continuous sedimentation along
the rills imposes other errors in estimating soil loss mass from the rills.

Keywords: Concentrated flow, Experimental flume, Rill volume, Soil detachment, Uncertainty
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4- Carbon sequestration
5- Soil organic carbon
6- Soil inorganic carbon
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2- Intergovernmental Panel on Climate Change
3- Petagrams
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5- Precipitation
6- Stable

7- Biomes

8- Global change
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1- Pedo-lithogenic
2- Pedo-atmogenic
3- Neoformation
4- Exogenous
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Figure 1- Location of the studied area and the excavated profiles
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2- Spline function
3- Residual
4- Hue
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Table 1- Morphological characteristics of the studied profiles
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Ll L ol b B3 e 8 33 Y Color
Horizon (o sil) Structure* Boundary** CF (%V) Sais Ssb o
Depth (cm) Dry Moist
Pedon No. 3- Calcic Haploxeralfs
A 0-15 gr f-1vf C,S 31 10YR 6/3 10YR 4/4
Btkkl 15-50 abk co-2m G,S 10 5Y 8/1 5Y 7/2
Btkk2 50-70 sbk f-1vf cw 15 5Y 8/1 5Y 7/2
Ck 70-110 - cw 22 5Y 8/1 5Y 7/2
Cr 110-155 - - 21 5Y 8/1 5Y 6/2
Pedon No. 4- Typic Cacixerepts
A 0-20 gr f-2vf CS 20 10YR 7/2 10YR5/4
AB 20-30 co abk-2m CsS 9 10YR 7/2 10YR5/4
Bkl 30-55 m sbk-2f G,S 17 2.5Y 8/2 2.5Y 6/4
Bk2 55-95 1f shk G,S 27 5Y 8/2 5Y 6/4
Ck 95-125 - c,w 28 5Y 8/3 5Y 6/4
Cr 125-145 - - 24 5Y 8/3 5Y 6/4
Pedon No. 5- Typic Cacixerepts
A 0-25 f gr-1vf C,S 17 10YR 7/2 10YR 4/3
Bk 25-55 m abk-2f CS 9 10YR 7/2 10YR 5/3
C 55-75 - CS 27 10YR 7/2 10YR 5/3
Cr 75-100 - G,W 39 10YR 7/2 10YR 4/3
Pedon No. 6- Typic Cacixerepts
A 0-15 gr f-1vf AS 19 10YR 6/3 10YR 4/4
Bk 15-65 abk 1f CS 32 10YR 7/2 10YR 5/3
Ck 65-95 - C,S 33 10YR 7/2 10YR 5/3
Cr 95-130 - - 51 10YR 7/2 10YR 5/3
Pedon No. 11- Typic Cacixerepts
A 0-25 m gr-2f CS 16 10YR 6/4 10YR 4/4
Bkl 25-70 abk co-2m CS 23 10YR 7/3 10YR 5/4
Bk2 70-95 abk m-2f CS 32 10YR 6/3 10YR5/4
C 95-150 - - 29 25Y7/4 2.5Y 5/4
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1- Clay mineralogy
2- Soil solum
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Figure 2- View of the studied profiles. Residual formation of profiles and development of horizons and Saprolite
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Table 2- Some physical and chemical properties of the studied profiles

- s Calaa uw-‘ ) o oy s S6 el . u-!;f e Cowd ol cudybs
S Sk " ¥l ot N
Jalzo
. EC Sand Clay Silt CCE oC SAR CEC
Horizon Depth (cm) (ds m? pH (%) (%) (%) Texture (%) (%) (mmol L1 (cmol, kg*)
Pedon 3- Calcic Haploxeralfs, 2670 m
A 0-15 1.68 7.56 44 15 41 loam 10 1.25 1.84 13.40
Btkk1 15-50 0.75 7.66 9 49 42 silty clay 63.25 0.88 2.70 18.69
Btkk2 50-70 1.14 7.78 22 43 34 clay 63 0.70 2.73 16.85
Ck 70-110 297 8.01 33 35 31 clay loam 49.25 0.51 9.47 17.76
Cr 110-155 1.33 8.82 37 29 34 clay loam 39.25 0.29 9.95 18.69
Pedon 4- Typic Calcixerepts, 2670 m
A 0-20 0.48 7.91 49 22 29 loam 9.75 0.86 113 15.08
AB 20-30 0.79 7.77 44 35 21 clay loam 12 0.86 1.98 17.76
Bkl 30-55 0.67 7.90 33 40 27 clay 19 0.68 2.56 32.59
Bk2 55-95 0.98 7.85 44 23 32 loam 16.25 0.51 4.88 33.79
Ck 95-125 0.71 7.85 47 21 32 loam 19.5 0.45 1.97 33.79
Cr 125-145 0.85 7.89 58 15 27 sandy loam 18.75 0.20 1.70 33.79
Pedon 5- Typic Calcixerepts, 2615 m
A 0-25 1.06 7.91 66 5 28 sandy loam 75 0.64 2.61 29.09
Bk 25-55 0.36 7.90 58 13 28 sandy loam 12.75 0.47 1.13 49.11
C 55-75 0.39 7.73 79 9 12 sandy loam 11 0.45 117 75.59
Cr 75-100 0.63 7.76 79 9 12 sandy loam 16.25 0.33 2.55 72.72
Pedon 6- Typic Calcixerepts, 2915 m
A 0-15 1.36 7.76 44 18 37 loam 4 1.33 2.88 18.69
Bk 15-65 0.32 7.96 75 7 17 sandy loam 10.5 0.39 1.15 15.96
Ck 65-95 0.47 8.08 68 18 13 sandy loam 13 0.37 0.42 16.85
Cr 95-130 0.57 7.93 72 8 19 sandy loam 8 0.23 2.95 17.76
Pedon 11- Typic Calcixerepts, 3024 m
A 0-25 0.90 7.32 33 29 38 clay loam 15 1.87 0.81 22.62
Bkl 25-70 0.91 7.82 23 29 48 clay loam 155 0.55 4.22 19.64
Bk2 70-95 0.27 7.93 31 36 32 clay loam 115 0.39 0.72 25.76
C 95-150 0.28 8.08 45 28 27 clay loam 28.25 0.39 0.55 20.61
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Figure 3- Relationship between elevation and the organic carbon percentage of the surface horizon (A) in the studied profiles
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Table 3- Organic carbon, inorganic carbon and total carbon storage contents in various horizons of the profiles.
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Horizon BD+ SOC SIC SOCs SICs STCs
(gcm?) (%) (%) (kg m?) (kg m?) (kg m?)
Pedon 3
A 1.42 1.25 0.91 1.84 1.34 3.18
Btkk1 1.12 0.88 7.48 3.08 26.29 29.38
Btkk2 1.13 0.70 7.64 1.34 14.59 15.93
Ck 1.20 0.51 6.11 1.91 23.07 24.98
Cr 1.25 0.29 5.86 1.30 26.05 27.35
Pedon 4
A 1.35 0.86 0.69 1.84 1.49 3.33
AB 1.25 0.86 1.54 0.98 1.75 2.73
Bkl 1.18 0.68 2.45 1.68 6.04 7.72
Bk2 1.28 0.51 1.84 1.89 6.86 8.75
Ck 1.24 0.45 2.35 1.20 6.31 7.51
Cr 1.25 0.20 2.71 0.38 5.13 5.51
Pedon 5
A 1.67 0.64 0.40 2.23 1.37 3.59
Bk 1.26 0.47 1.72 1.62 5.95 7.57
C 1.35 0.53 1.60 1.04 3.16 4.20
Cr 1.25 0.33 2.07 0.63 3.93 4.56
Pedon 6
A 1.45 1.33 0.30 2.32 0.52 2.85
Bk 1.46 0.39 1.88 1.93 9.30 11.23
Ck 1.47 0.23 2.18 0.69 6.39 7.08
Cr 1.40 0.37 1.00 0.89 2.42 3.31
Pedon 11
A 1.15 1.87 0.14 453 0.33 4.86
Bkl 1.36 0.55 1.76 1.83 8.26 10.09
Bk2 1.24 0.39 1.01 1.16 2.14 3.30
C 1.21 0.39 2.61 1.86 12.43 14.29
Y =-1.372*X + 2.423
3 -
R%= 0.538
2, o ° P value= 0.0004
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Figure 4- Relationship between SIC and SOC in studied soils
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Table 4- Organic and inorganic carbon storage and their ratio to total carbon
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Pedon 3 9.48 91.34 100.83 9.63 90,59 9.40
Pedon 4 7.97 2758 35.56 3.46 77.56 2241
Pedon 5 552 14.41 19.92 261 72.34 27.71
Pedon 6 5.83 18.64 24.47 3.19 76.17 23.83
Pedon1l  9.37 23.16 3253 2.47 71.20 28.80
Mean 763 35.026 42.662 4.27 7757 2243
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Figure 6- Percentage of organic and inorganic carbon portion of total soil carbon for the studied profile
The dotted line represents the average portion of inorganic carbon in the total soil carbon, and the dashed line represents the average
portion of organic carbon in the total soil carbon.
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Figure 7- Storage of organic and inorganic carbon at different depths of the soil profiles. a, storage of soil organic carbon; b,
storage of soil inorganic carbon; c, storage of total soil carbon and d, ratio of soil inorganic carbon to soil organic carbon



¥

OloyS Coier 55 digd sl Siid dn dibiie S T a9 JT (25 0083

25) SB xawpj sla@dl ) S p)S S 5l aoyd A g0 FIYY bwgio jobdry JIp)S 4 J e )8 0p8d Cons
S cponl oaad i 45 cwl a8l xood (o Sl YO oS JS sk L_ﬁ)&u))f 03533 oo YU dopd bl o
Al o St dos Bblo 0 (p)S 008 ly (dawys bl )AW)MMJ]).& oS &S aad e ol S

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.
20.

21.

22.

23.

s SLs e S 5wy A Loy 8 e L)) (K25 o

&l

Ajami M., Heidari A., Khormali F., Gorji M., and Ayoubi S. 2016. Environmental factors controlling soil organic
carbon storage in loess soils of a subhumid region, northern Iran. Geoderma 281: 1-10.

Alidoust E., Afyuni M., Hajabbasi M.A., and Mosaddeghi M.R. 2018. Soil carbon sequestration potential as
affected by soil physical and climatic factors under different land uses in a semiarid region. Catena 171: 62-71.
Bishop T.F.A., McBratney A.B., and Laslett G.M. 1999. Modelling soil attribute depth functions with equal-area
guadratic smoothing splines. Geoderma 91: 27-45.

Bower C.A., and Hatcher J.T. 1966. Simultaneous determination of surface area and cation exchange capacity.
Soil Science Society of America Journal 30: 525-527.

Bughio M.A., Wang P., Meng F., Qing C., Kuzyakov Y., Wang X., and Junejo S.A. 2016. Neoformation of
pedogenic carbonates by irrigation and fertilization and their contribution to carbon sequestration in
soil. Geoderma 262: 12-19.

Du C., and Gao Y. 2020. Opposite patterns of soil organic and inorganic carbon along a climate gradient in the
alpine steppe of northern Tibetan Plateau. Catena 186: 104366.

Ekelund F., Rgnn R., and Christensen S. 2001. Distribution with depth of protozoa, bacteria and fungi in soil
profiles from three Danish forest sites. Soil Biology and Biochemistry 33: 475-481.

Eshel G., Fine P., and Singer M.J. 2007. Total soil carbon and water quality: an implication for carbon
sequestration. Soil Science Society of America Journal 71: 397-405.

Eswaran H., Reich F.P., Kimble J.M., Beinroth F.H., Padamnabhan E., Moncharoen P. 2000. Global carbon
stocks. In: Lal R., Kimble J.M., Eswaran H., Stewart B.A. (Eds.), Global Climate Change and Pedogenic
Carbonates. CRC/Lewis, Boca Raton, FL.

Gebeyehu G., Soromessa T., Bekele T., and Teketay D. 2019. Carbon stocks and factors affecting their storage in
dry Afromontane forests of Awi Zone, northwestern Ethiopia. Journal of Ecology and Environment 43: 1-18.

Gile L.H., Peterson F.F., and Grossman R.B. 1966. Morphological and genetic sequences of carbonate
accumulation in desert soil. Soil Science 101: 347-360.

Han X., Gao G., Chang R., Li Z., Ma Y., Wang S., and Fu B. 2018. Changes in soil organic and inorganic carbon
stocks in deep profiles following cropland abandonment along a precipitation gradient across the Loess Plateau of
China. Agriculture, Ecosystems and Environment 258: 1-13.

Hanson P.J., Edwards N.T., Garten C.T., and Andrews J.A. 2000. Separating root and soil microbial contributions
to soil respiration: a review of methods and observations. Biogeochemistry 48: 115-146.

Horton Jr R. 2002. Methods of Soil Analysis: Part 4, Physical Methods. Madison, Wisconsin, USA: Soil Science
Society of America.

Kimble J.M., and Follett R.F. 2000. The potential of US grazing lands to sequester carbon and mitigate the
greenhouse effect. CRC press.

Lee M.R., Hodson M.E., and Langworthy G. 2008. Earthworms produce granules of intricately zoned calcite.
Geology 36: 943-946.

Li C., Li Q., Zhao L., Ge S., Chen D., Dong Q., and Zhao X. 2016. Land-use effects on organic and inorganic
carbon patterns in the topsoil around Qinghai Lake basin, Qinghai-Tibetan Plateau. Catena 147: 345-355.

Liu W., Wei J., Cheng J., and Li W. 2014. Profile distribution of soil inorganic carbon along a chronosequence of
grassland restoration on a 22-year scale in the Chinese Loess Plateau. Catena 121: 321-329.

Lorenz K., and Lal R. 2018. Carbon Sequestration in Agricultural Ecosystems. Springer.

Mikhailova E.A., and Post C.J. 2006. Effects of land use on soil inorganic carbon stocks in the Russian
Chernozem. Journal of Environmental Quality 35: 1384-1388.

Monger H.C., Kraimer R.A., Khresat S., Cole D.R., Wang X., Wang J. 2015. Sequestration of inorganic carbon in
soil and groundwater. Geology 43: 375-378.

Monger H.C., and Martinez-Rios J.J. 2002. Inorganic carbon sequestration in grazing lands. In: Follett R.F.,
Kimble J.M., Lal R. (Eds.), The Potential of US Grazing Lands to Sequester Carbon and Mitigate the Greenhouse
Gas Effect. Lewis Publishers, Boca Raton, USA, pp. 87-118.

Nelson D.W., Sommers L.E. 1982. Total carbon, organic carbon, and organic matter. In: Page, A.L. (Ed.),
Methods of Soil Analysis. Agron. Monger, No Vol. 9. ASA and SSSA, Madison, WI., pp. 539-577



VFeo Colgmdyl - (19059, I oyleds ¥ wl> (S gl w5 ¥F

24.

25.

26.

217.

28.

29.

30.

3L

32.

33.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44,

45,

Olaya-Abril A., Parras-Alcantara L., Lozano-Garcia B., and Obregén-Romero R. 2017. Soil organic carbon
distribution in Mediterranean areas under a climate change scenario via multiple linear regression analysis.
Science of the Total Environment 592: 134-143.

Philander G., and Philander S.G. 2008. Encyclopedia of global warming and climate change: AE (Vol. 1). Sage.
Poeplau C., Vos C., and Don A. 2017. Soil organic carbon stocks are systematically overestimated by misuse of
the parameters bulk density and rock fragment content. Soil 3: 61-66.

Raheb A., Heidar, A., and Mahmoodi S. 2016. Storage of Organic and Inorganic Carbon in Arid-Semihumid Soils:
A Case Study of the Rangelands of Northwestern Iran. Soil Science 181: 473-486.

Raheb A., Heidari A., and Mahmoodi S. 2017. Organic and inorganic carbon storage in soils along an arid to dry
sub-humid climosequence in northwest of Iran. Catena 153:66-74.

Rahimi J., Ebrahimpour M., and Khalili A. 2013. Spatial changes of Extended De Martonne climatic zones
affected by climate change in Iran, Theoretical and Applied Climatology 112: 409-418.

Rasmussen C. 2006. Distribution of soil organic and inorganic carbon pools by biome and soil taxa in Arizona.
Soil Science Society of America Journal 70: 256-265.

Rawlins B.G., Henrys P., Breward N., Robinson D.A., Keith A.M., and Garcia-Bajo M. 2011. The importance of
inorganic carbon in soil carbon databases and stock estimates: a case study from England. Soil Use and
Management 27: 312-320.

Rodriguez J.B., Self J., and Arriaga F.J. 2016. A simple, gravimetric method to quantify inorganic carbon in
calcareous soils. Soil Science Society of America Journal 80: 1107-1113.

Schaetzl, R. J., and Thompson, M. L. 2015. Soils: Genesis and Geomorphology, Cambridge university press.
Schlesinger W.H. 2017. Inorganic carbon: global carbon cycle. In Encyclopedia of soil science (pp. 1203-1205).
CRC Press.

Schoeneberger P.J., Wysocki D.A., Benham E.C., and Soil Survey Staff. 2012. Field book for describing and
sampling soils, Version 3.0. Natural Resources Conservation Service, National Soil Survey Center, Lincoln, NE.
Soil Science Division Staff. 2017. Soil survey manual. C. Ditzler, K. Scheffe, and H.C. Monger (eds.). USDA
Handbook 18. Government Printing Office, Washington, D.C.

Soil Survey Staff. 2014. Keys to Soil Taxonomy, 12" ed. USDA-Natural Resources Conservation Service,
Washington, DC.

Sreenivas K., Dadhwal V.K., Kumar S., Harsha G.S., Mitran T., Sujatha G and Ravisankar T. 2016. Digital
mapping of soil organic and inorganic carbon status in India. Geoderma 269: 160-173.

Stanbery C.A., Pierce J.L., Benner S.G., and Lohse K. 2017. On the rocks: Quantifying storage of inorganic soil
carbon on gravels and determining pedon-scale variability. Catena 157: 436-442.

Wang J.P., Wang X.J., Zhang J., and Zhao C.Y. 2015. Soil organic and inorganic carbon and stable carbon
isotopes in the Yanqi Basin of northwestern China. European Journal of Soil Science 66: 95-103.

Wang, Y., Li, Y., Ye, X,, Chu, Y., and Wang, X. 2010. Profile storage of organic/inorganic carbon in soil: From
forest to desert. Science of the Total Environment, 408: 1925-1931.

Wang Z.P., Han X.G., Chang S.X., Wang B., Yu Q., Hou L.Y., and Li L.H. 2013. Soil organic and inorganic
carbon contents under various land uses across a transect of continental steppes in Inner Mongolia. Catena 109:
110-117.

Yang Y., Fang J., Ji C., Ma W., Mohammat A., Wang S., and Smith P. 2012. Widespread decreases in topsoil
inorganic carbon stocks across China's grasslands during 1980s-2000s. Global Change Biology 18:3672-3680.
Zhang F., Wang X., Guo T., Zhang P., and Wang J. 2015. Soil organic and inorganic carbon in the loess profiles
of Lanzhou area: implications of deep soils. Catena 126: 68-74.

Zhao W., Zhang R., Huang C., Wang B., Cao H., Koopal L.K., and Tan W. 2016. Effect of different vegetation
cover on the vertical distribution of soil organic and inorganic carbon in the Zhifanggou Watershed on the loess
plateau. Catena 139: 191-198.



Journal of Water and Soil _ (5323UiS @aluo g pole) S g O 4 i
Vol. 35, No. 1, March-April 2021, p. 33-48 PR FY-FA .o AFor Culigusd | — 9958 o) 0 kouis '8 >

Organic and Inorganic Carbon Storage in the Soils of Sardooeyeh Semi-arid
Region in South of Kerman

H.R. Rafiei'- A. Jafari®"- A. Heidari®- M.H. Farpoor*- A. Abbasnejad®
Received: 02-09-2019
Accepted: 26-07-2020

Introduction: Soil carbon (C) sequestration is recognized as a potentially significant option to off-set the
elevation of global atmospheric carbon dioxide (CO2) concentrations. Soils are the main sink/source of carbon
and also, an important component of the global C cycle. Total soil carbon (C) comprises of the soil organic C
(SOC) and the soil inorganic C (SIC) components. The soil inorganic C (SIC) stock mainly consists of
carbonates and bicarbonates. Processes governing the dynamics of the soil carbon stock differ among ecoregions
and strongly interact with soil properties. Understanding the distribution of organic and inorganic carbon stocks
in soil profiles is essential for assessing carbon storage at the regional and global scale. Although global
estimates provide a general view of carbon stock levels, accurate local estimates and factors affecting soil carbon
dynamics are very important. As a result, there is an essential requirement for accurately estimating the
distribution of carbon reserves and their differences with regard to soil properties.

Materials and Methods: The study area is located in the Sardooeyeh region, South of Kerman, under
semiarid conditions. A total of 5 soil profiles were excavated. Percentage of coarse fragments (> 2 mm) using a 2
mm sieve, total organic C by the K,Cr,07-H,SO4 oxidation method of Walkley-Black, soil inorganic carbon
using the Gravimetric carbonate meter method were determined. Bulk density was measured by drying core
samples in an oven overnight and dividing the weight of dry soil by the volume of the core occupied by the soil
after correction for coarse fragments.

Results and Discussion: Organic carbon in the surface horizons of all profiles is maximum due to vegetation
and decreases with increasing soil depth. As the altitude increased, the amount of organic carbon increased in the
surface horizons. Lower temperature and higher humidity at higher altitudes lead to the lower organic matter
decomposition and consequently higher organic carbon content of the soil. Although the upper soil layers had the
maximum soil organic C content, the maximum soil inorganic C content was observed in the sub-surface layers.
The soil organic carbon storage was between 5.52 to 9.48 kg m and the storage of soil inorganic carbon in
profiles was between 14.41 and 91.34 kg m. The total soil carbon storage in the profiles varied between 19.92
to 100.83 kg m™ and the average was 42.66 kg m™2. The average of soil organic carbon storage in 0-25, 25-60,
60-120 cm depths were 2.6, 1.97 and 1.26 kg m™, respectively. The amount of soil inorganic carbon storage in 0
-25, 25-60 and 60-120 cm depths were equal to 2.7, 10.40 and 8.26 kg m, respectively. Therefore, it seems that
more than 50% of the total soil inorganic carbon storage is stored at a depth of 25-60 cm from the soil surface.
The portion of inorganic carbon storage of total soil carbon was 77.5%, and about 89% of it was stored in sub-
surface horizons (below 25 cm). The portion of organic carbon storage of total soil carbon was 22.4%. It seems
that an increase in the partial pressure of CO- in soils leads to some dissolution of the pedogenic carbonate in the
top soil. Dissolved pedogenic carbonate transfers to the deep soil and then re-crystallizes under relatively dry
conditions and low CO,.

Conclusion: The results showed that soil organic carbon storage was mostly higher in surface horizons, and
soil inorganic carbon storage was higher in sub-surface horizons. On average, the ratio of soil inorganic carbon
storage to soil organic carbon storage was 4.27. The high percentage of soil inorganic carbon storage in total soil
carbon, shows that inorganic carbon plays a very important role in semi-arid regions. Almost 89% of the soil
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inorganic carbon content and about 80% of the total soil carbon were accumulated in the sub-surface horizon of
soil (below 25 cm), indicating the importance of sub-surface soil for storing carbon in semi-arid regions.

Keywords: Climate change, Deep soil carbon, Total soil carbon, Global warming
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Table 1- Properties of soil used for the experiment
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Sand  Silt Clay Zn Fe Mn Cu P oM CaCOs pH EC
% mg.kg? % mmoh.cm?
96 1 3 0.15 0.87 3.8 0.07 2.4 0.29 9 7.8 1.19

oilejl 5 okl 3590 (I Jgloe S 55 - Jo>
Table 2- Composition of the nutrient solution used in the experiment
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Concentration (gr.L™) Amount (ml.kg™)
NHsNOs / CaCl2.2H20 / MgS04.7H20 (57)/(90) / (24) 1.67
K2S04 / KH2PO4 (42) 1 (30.24) 3
MnS04.H20 / Nas[Co(NO3z)s] / (NH4)sM07024.4H20 / CuSO4.5H20 / (0.55) /1 (0.62) / (1.2) / (0.42) 1.67
H3BOs3 1(6) .
Fe-EDTA (41.66) 2
ZnS04.7H0* (13.14) 1.67
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*Just for Zn sufficient treatments were applied.
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4- Zinc efficiency index
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3- Flame photometery
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1- Uptake
2- Transporters
3- Zrt-Irt like protein
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3- Mentha arvensis L.

4- Arabidopsis thaliana

5- Lallemantia iberica F. & CM
6- Mentha pulegium L.

7- Satureja hortensis L.
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1- Phaseolus vulgaris L.
2- Competition uptake
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2- Phytosiderophore

3- Mugineic acid (MA) family PS (2-deoxymugineic
acid, 3-hydroxymugineic acid, and avenic acid)

4- Commelina communis

5- Nicotianamine
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1- Yellow stripe-like
2- Lupinus angustifolius L.
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Table 3- Analysis of variance for Zn, Fe, Cu and Mn concentration of bread wheat Zn-eficient and -ineficient cultivars
under Zn deficiency and Zn sufficient conditions

(Mean of square) Ol o Sibe

% qle ; - - : P TN - p
(SOV) df iy, g9, Sesld gy, 4l g, adg, ool o ksl o FHIRNY
(Root Zn) (Shoot Zn) (Grain Zn) (Root Fe) (Shoot Fe) (Grain Fe)
S3) gl 1 64775.56**  1244598**  3464.40**  23659.87**  14786.93** 166.69**
(Zn level)
w5 b s 1 654.01** 45.78 10.54** 970.56** 1021.39** 13.49**

(Cultivar Zn efficiency)
o8 @y X s, v

(Cultivar Zn efficiency x 1 1.88 24.71 1.74* 2447.02** 84.22 0.41
Zn level)
(Error) s 8 23.70 4.92 0.22 49.28 6.42 0.55
(CV) &lyuss oy 4.14 3.66 1.11 2.52 6.42 2.17
o (Mean of square) Ola o (Sl
M &Lﬁ df " L‘M&w .' - e Mu e -| R
(SOV) Ay ) wo '3 e Al o Adgy e B, PN A P
(Shoot Cu) (Shoot Cu) (Shoot Cu)  (Shoot Mn) (Shoot Mn) (Shoot Mn)
$3) gl 1 64.40** 110.53** 12.11** 2878.66** 1236.98** 12.48**
(Zn level)
w5 sy 1 1490.00** 95.71** 1.39** 1055.44** 1775.19** 0.26

(Cultivar Zn efficiency)
w8y 2Ly X s, o

(Cultivar Zn efficiency x 1 0.20 47.44** 0.09 20.38 2.19 0.004
Zn level)

(Error) s 8 1.86 0.97 0.02 23.40 41.94 0.57

(CV) &lyuss oy 2.24 5.39 2.18 2.53 5.61 1.99

oy S5 g g Jlein] aw )3 )b dme iy 4 g *
*and **: Significant at the 5 and 1% probability level, respectively
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Table 4- Mean comparision for Cultivar Zn efficiency x Zn level on Zn concentrations (mg.kg) of grain, Fe of root and Cu of

shoot
(Grain Zn) 4il> g9, (Root Fe) iy y oy (Shoot Cu) 2 lud L e
S5y 9005 (Zn-efficient) 1,5~ ¢, 26.54b 345,992 16.08°
(Zn deficiency) (Zn-inefficient) 1,54~ ¢, 23.91¢ 299.45bP 14.41°
S o, (Zn-efficient) 1,5~ ¢, 59.772 228.63¢ 26.132
(Zn sufficient) (Zn-inefficient) 1,54~ ¢, 58.652 239.20¢ 16.50°

A3b oo (63 sixe BMB] (gl doyd o sl prdans 53 (Sl (glaiels s y905] wlioly il o oglize Cgys (gl gta ya 50 &S ol Sl
VS g depd h L) 08y 93 0l WS- OIFSE 5 Sl W55 085 99 0k =09y «SB £ 5 0LS 3 59 25 e g 2008 B ) 59y 2 s g9y d9teS
Numbers followed by the same letters in each column show no significant difference based on Duncan’s multiple range test at %1 probability level.

Zn deficiency: no application of Zn, Zn sufficient: application of 5 mg Zn per kg soil, Zn-efficient: mean of the Zn-efficient cultivars (Bayat and Niknejhad),
Zn-inefficient: mean of the Zn-inefficient cultivars (Hirmand and Karaj1).
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Table 5- Mean comparison of different Zn levels on Zn, Fe, Cu and Mn concentrations (mg.kg™?) of root, shoot and grain of
bread wheat cultivars with different Zn efficiency

-2 ] s L
Ay y (59 lii)l.w ::L» EHEIREY W &I o . oy Al 1K
(Root ) ) (Grain ) (Grain ) %) (Grain
Zn) (Shoot (Shoot Fe) (Root Cu) (Root (Shoot Mn)
Zn) Fe) Cu) Mn) Mn)
¢ °’”’§ 44,10° 28.45P 107.78° 37.812 63.132 6.19° 175.56° 105.17° 38.782
(Zn deficiency)
o o) 191.042 92.86° 177.982 30.35° 58.49P 8.20° 206.53% 125.482 36.47°

(Zn sufficient)
A3b e (5yl0 sixe M (gl duoyd K o] grbans j3 (Sl (glasely wix (y905] bl ys il go coglite > (s> (gt ya 40 &S LlaSile
S p)S5hS )3 69y pi5 e 2 22 1 B (69 89y 28 pas i) 2908

Numbers followed by the same letters in each coumn show no significant difference based on Duncan’s multiple range test at %1 probability level.
Zn deficiency: no application of Zn, Zn sufficient: application of 5 mg Zn per kg soil

b U @S ol8,) il g 0 s Lud el (10,59 )3 )5 ko) 535K 5 (o 0] (59, CBLE 3 pB 1 (a5 595 1 (ke Al =5 Jguia
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Table 6- Mean comparision of cultivars Zn efficiency on Zn, Fe, Cu and Mn concentrations (mg.kg™) of root, shoot and grain in
bread wheat cultivars with different Zn efficiency

Ay 89, 5l L oy PR dudig y (o w15 o dudig y 35 o s L 1K
(Root Zn) (Shoot Fe) (Grain Fe) (Root Cu) (Grain Cu) (Root Mn) (Shoot Mn)
"K‘,d?’ 124.952 133.66P 35.142 71.962 6.85P 200.422 103.16P
(Zn-efficient)
L) 110.19° 152.112 33.020 49.67° 7.532 181.67° 127.498

(Zn-inefficient)
bl oo (o)l size OS] glls duoyd Sy Jlais] g 3 S cglaials iz y90)] ololyy il so rglie Gy (2l (ygias po 4 4 oSl
VS g Memn i) 085 99 Sl hUm i) B 5 Ol 6= is9) 085 92 Sl LS5
Numbers followed by the same letters in each coumn show no significant difference based on Duncan’s multiple range test at %1 probability level.
Zn-efficient: mean of the Zn-efficient cultivars (Bayat and Niknejhad), Zn-inefficient: mean of the Zn-inefficient cultivars (Hirmand and Karaj1).
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Table 7- Root to shoot translocation of Zn, Fe, Cu and Mn and their translocation ratios in bread wheat Zn-efficient and —inefficient
cultivars under Zn deficiency and Zn sufficient conditions

o J! Connd o JL! Comnd o J! Connd o JLas! Connd
(%) s9, (%) Jus! (%) o2 () Juws! (%) ome () Jas! (%) 3% (7) Jws!
ZnRST (%) ETR (%) Fe RST (%) ETR (%) Cu RST (%) ETR (%) Mn RST (%) ETR (%)

-Zn +Zn -Zn +Zn -Zn +Zn -Zn +Zn
')K‘ff?’ 53.85 45.18 11919 29.69 71.99 4124 2169 3745 5792 5017 5260 95.38
(Zn-efficient)
bBL-ss) 79.77 5229 15255 37.68 80.01  47.09 27.65 34.94 79.14 7091 6957 101.93

(Zn-inefficient)

Loy (chSb=(c9) 08 93 5S0ke U=, IS g o (L= (59, o8 95 nShe =59, (S 2 5okS 1> (59, p 5 ke 7 20)8) (B 59y HZN (59, 2 pac) (59, 39508 2N
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RST: root to shoot translocation, ETR: element translocation ratio, -Zn: Zn deficiency (no application of Zn), +Zn: Zn sufficient (application of 5 mg Zn per kg
soil), Zn-efficient: mean of the Zn-efficient cultivars (Bayat and Niknejhad), Zn-inefficient: mean of the Zn-inefficient cultivars (Hirmand and Karaj1).
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Micronutrients Concentrations in Bread Wheat Cultivars with Different Zn-
Efficiency under Zn Deficient and Zn Sufficient Conditions

M. Niazkhanil*- B. Abdollahi Mandoulakani® M. Jafari®- M.H. Rasouli-Sadaghiani*
Received: 01-12-2019
Accepted: 08-07-2020

Introduction: The lack of micronutrients through a decrease in plant growth, which is related to human
health, can be a global problem. Micronutrient deficiency reduces the immunological capacity of plant and
animals by which they resist against several chronic diseases. This fact has been brought into sharp focus in the
last decade because of a large proportion of people being deficient in micronutrients. The micronutrients such as
zinc (Zn), iron (Fe), copper (Cu), and manganese (Mn) are more important than the others and therefore, they are
essential to all living organisms. Zn deficiency is the most noticeable one since it has an influential effect on the
production of agricultural products, and consequently, quality of people's life and health. One of the common
methods to reduce The deleterious effects of Zn deficiency is using Zn-efficient cultivars. These cultivars have
more biomass than Zn-inefficient cultivars. However, some strategies used by these cultivars for micronutrient
supply could have a negative effect on the uptake process of the other micronutrients. Therefore, in the current
study, an experimental approach was proposed to evaluate the effect of Zn deficiency on the concentrations of
Zn, Cu, Fe, and Mn in the root, shoot, and grain of bread wheat cultivars with differential Zn efficiency. In
addition, the capability of transferring the micronutrients from the root system to the shoot system was analyzed.

Materials and Methods: A greenhouse study was conducted using a factorial experiment based on
completely randomized design (CRD) with three replications. The first factor was two levels of Zn-efficient
(data represent the average for Bayat and Niknejhad) and Zn-inefficient (data represent the average for Hirmand
and Karajl) cultivars, and the second factor was two levels of Zn, including Zn deficiency (no application of Zn)
and Zn sufficient (application of 5 mg Zn per kg soil). Soil samples passed through a 2 mm sieve and washed
five times with double-distilled deionized water to remove soluble salt and organic matter. Soil samples were
dried at room temperature (20-25 °C), and the necessary nutrients were added. Seeds were sown in polyethylene
pots containing 4.5 kg of prepared soil after disinfection. To prevent nitrogen (N) deficiency, ammonium nitrate
(NH4NO3) was applied to the treatments every 14 days. Daily irrigation was carried out using double-distilled
deionized water to maintain field capacity. Sampling of root and shoot was performed at 30% of the heading
stage and from the seeds after complete ripening. Finally, the concentration of Zn, Fe, Cu and Mn was measured
in root, shoot and grain. The relative ability of Zn, Fe, Cu and Mn translocation from root to the shoot was
calculated in the studied cultivars. Analysis of variance was performed using SAS software and comparison of
means was done at 1% Duncan’s multiple range test (DMRT).

Results and discussion: The results revealed that the concentrations of root Fe and Cu increased by 37.97%
and 7.9%, respectively, under soil Zn deficiency. There was also an increase in Fe and Mn concentrations of the
grain by 24.58% and 6.33%, respectively. Furthermore, the decrease of Zn in soil resulted in a reduction of Mn
concentration in the root by 15%, Fe, Cu, and Mn concentrations in the shoot by 39.44, 28.5, and 16.19%,
respectively. Under Zn deficiency condition, Cu concentration in grain (24.51%) decreased. Zn, Cu and Mn
concentrations of roots (13.4, 44.88 and 10.32%, respectively) and Fe concentration of grain (6.42%) in Zn-
efficient cultivars were higher compared to Zn-inefficient cultivars. In the case of Zn deficiency, Zn-efficient
cultivars had a higher concentration of root Fe (18.55%) and grain Zn (11%) than those of the Zn-inefficient
cultivars. Comparison of the relative translocation ability of micronutrients from root to shoot in the studied
bread wheat cultivars showed that Zn-efficient cultivars had less ability to transfer Zn (53.85%), Fe (29.69%),
Cu (21.69%) and Mn (50.17%) compared to Zn-inefficient cultivars (79.77%, 37.68%, 27.65% and 70.91%
respectively) under soil Zn deficiency.

Conclusion: On average, the Zn-efficient cultivars of bread wheat contained higher concentrations of Zn, Fe,
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and Mn in root and grain. Moreover, the possibility of using micronutrients in their organs was higher compared
to the Zn-inefficient cultivars. Zn-efficient cultivars also had less ability to transfer Zn, Fe, Cu and Mn from root
to the shoot. The obtained results can be used for micronutrient biofortification and significant improvements of
Zn content in wheat grain and to bring the improved varieties to the field.

Keywords: Micronutrients interactions, Microelements, Translocation ratio, Zinc, Zn-efficient
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1- Flow direction (FD)
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Figure 3- The map of stream network (a) flow accumulation (FA) (b) and flow direction (FD) (c) in the study area
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Figure 4- The spatial map of slope degree (a) and LS factor (b) in the study area

S ol ol b Jbo 5l)g8l (opw )5y ©Y3lae g (Kinrod o pb ) Jgua
Table 1-The correlation coefficient and regression equations of model with soil erosion

WaTEM/SEDEM Jas (b, [TV SO N POSEEE SV ST
(WaTEM/SEDEM model factors) (Regression equation) (R)
Y=0.1119X+47 0.36
R Y=0.4627X+104.93 0.44
LS Y=0.1119X0.7325 0.78
P Y=5.281X+2.5881 0.20
Y=0.0034X+0.2528 0.75

il st lan b (b JS5) S SIS i sai
auld as olej Jawe ol (31) 2ab e 0ael SIS Cgu,
A2y o &I+ B — gdlly o1y mls e o pll 1y (gilodnd
Sl Cso palie g SLE Giolaw,d Sy ot dliel a s
il S s st o aigSilan 0l gn (5 iSoge
5 Sl Jlaysd p  Siwan 5l Jdo opl s o oyl (0 JS5) S
5 inlip Sloala sy Condg sl (gadgs bLE olas
5 bli> sla)Sal; o)l gaine; 2 1) (s JB cd)ls
Slsino; saaly Ly Jso cibae (gl ool 03505 3] S
SB Giolyd Candg pogMe & canl oyl WaTEM/SEDEM
Ol s g 1) ol @ig (SsSe 55 9 @S ol

1- Soil distribution map (SDM)

Ol 2 fge SIS Jolge (n (Stor @l (pizen
a3 e s WATEM/SEDEM se ;5 3390 S ol b
Mo 59y p U oy gl (LS-Factor) (3155 Jolo oS
e b YL L (ST eg el el S il
Sl g ol 039y 4Vl by 250 53 Jele 029550 (+IVA)
Gy 9 SB alod @595 g lde NS Glise (b
Sriagiled g (S0l (LS pldy Jelss Cusl > >
2V Joiz) 55115 p)lee b pod slacaglsl 3 iy 4 SB
by SB gVl Ltoloyd )5l b 5hlSien 5 35, bl
s pee sieds 3 Seg Jole o5 1ol ol RUSLE Jua
(VF) 3980 Cgmme S iabojd 3 Jole
ot WATEM/SEDEM sl Jie Sy oy siotes
) S il Slas stsbeo cind bl g0 Gyl
Olye oS ggatme 3 4 Al o0 Cgwy 9 iuley (slagSl



VFeo Sl oyl — 005958 o)wara&‘Jl&ggT LYge) \74

248 ol fgo Sliguy Jl g a5 5 adlaie S (SIS 095
390 e dalylS ¢l WaTEM/SEDEM  Jse LLs)l o]
Cwl 03 ul_u w0 JSw) 9 &S 4)91[@@ .\wbd “gu ) s|)>‘
Sl ade )3 og) g il b S @jg sl
oo b sllail oyt s &8 a8 ) S wysX stk
ot i Sy eSS eyl 0 (6ol
[y Jj Mbu«a ASg> 1D Dguw) (SO d);o)".b" )Jbl.a.o L
Jl 3 5 AD- plyy S oo Laogi 003 39l 2 sl
2 odd (65l Jade b sduopd A agis MBI glyls &S cul
ol 35502 (sl s ol IS Suge 45 LBl o ag> s
o b Sy wipesl gaulie p o)Sen 5 plLS Cosl g,
Ol ELE) (098y Jho sl p (B1Sr95 siludie S0 w005
il g (s Jole 39l sl 0o cn oo |y ool
(B) A58 (o (Byue

by Jialyd odd (e Shel | gl (ol & 4297 b
U Ginlwyd a8l polae dy by (slaodly Ky pi sl
5 USs O] s a8 Wlodds odly [33ly edd (g5lwand (glaodls
claosly o doyd S prdaw )3 I dxe (glalaly sl 005 03,
g ('*3[_,_: u_)‘ ol 044 odlin ol R Terg e ﬁblﬁn 9 @5]9
Cgaxe (i 63l g Cunl adlllas 550 adlate )3 (6)kedp
5995 iy S amd e s (gl Sl ool @l 298
(J_3~] J_f,l.) Ll 03903 .))51)_; I) Cgwy g wlm)ﬁ )l.l..a.o u))_sYLa
035 39l ol 5> (Buis halyd (ad 485 L5 ) pgdge
pis 4188 Oyguo slagpSolul go8 4 dangy b andl oS ol
ol dn g Job s gl cde Bas il b Ll sl
@ls 0 ol Qi & Slallls (gojen oS Cundy (Y Jgi2)
sl il &8 Conl Cllao oyl Wge sl dopuie 55 (g lwdenis
A (65lbi 9 6ol slagiole b gyl ibie > i
0 9 LS lapn oS Sluwlbre Sle o M 249 (puizmen
2o ) Al o blod 55 (claayglyy )3 451y gla ol b g
(V) ol 35,56 (63511 oguyyb g Lol

2 Uiulwyd bl polis o, Sojlaslan asg b uisen
e Sl 6 pSorte L Jie (Priliel ( SLilllae (4o
Gkl 51 (S gl 5 cépdy g0 00l 250 5 00d (5 S ojll
Pearson R-square: ) sl e odd (6 S0}l b ok )9l yolie

(5 Js) (0.612%

Slgwy J5 Foud (585 Shgesy S5 osd dgs Sy I
Coniids J§ 5 Talig) | (295 Slgwy J Tases I (295
13L5 WAaTEM/SEDEM jss 15lai o 351 5 dsoloo 2 £1aS 5
oieleyd S @i g 039 adlate )5 ialud jle (giloand 4
Cudgiine p o5 (pl jlg ama oo )15 L] )3 1y G, 35 4
ol odel BB Couwy (SAEE 4 i pae p ie RUSLE
csadlaio )3 ol d 25l o yeSl iy oS oo (LS gl
B0 5 Rill) 5led ol jd o 4SBT Ly adlllas 555
223550 3 clyire (i 3 o391 i 5 (Interrill
5, (Gully erosion) (Bass (jiolawyd (6553) 4o Caus §,0l5
i ds Slgwy S (VY 9 IA) 3905 ookl  Jldllae sade
o2 Ungitsr S ol Szp ol - o oS0 ol 3 518
oS plapiobed gg wlol p B Galod Sl )5 o
D9l e (gaialy pf ple it odliul LB W bles o 34l
an BT mg Joele o Fllllae (gadlaio > b (logs udy S
SL ialayd S @ig p e el o piers jI (S Olgis
Je Lo SSE & dlne ol il bl o (Sl adhaie )
Ol Ll 9 o bgrpe (y ol 53 o3l )90 1)) (o098,
ool 3 eolawl po3l Jol dling p3 35l (S Jole g0 4 (SIS s
g Jde sodimd drwgl slacudgisme cle 4 Jdo o SK6 cd>
ol 2 (V) s 5 S5 omen (S1Kmgls 45T )03 (59
e USLE Juco ) (31555 (adli a9l gl 45 alias
Y Joda 50 o &)l ol oS 4sS0ked bl g0 yio B ¢ SIS D
plsl &8 oyl )3 558 2ol ALl 4y g5 L amd oo (L
Shls a3 el by i ) (BaS Gl b wmd e
YOO/¥) il o 0158 gy JS im TSP e 3,
My Slgwy U5 soud S0l olie bl o (Jlo 3 (5
Lkl (e c it SIS Sy wpoS (o 3 o5 WNIY)
(Y Jgaz) ol (Gllllae gadgn gy palie b
235 oo bl j (Buid Gllujd & 5065 o )oSUl 5> (pizmen
Oy hls 4By, Sl (o293 Sl S (e TRE jlude
5 T el oas o) Lo, S oled oo 5> Hlade
Ot b Sl (2g B Colid 3 g Mg Slgw) Cundy
2 cwlio (e laoged sl g 360 Caa o cul (g pralil
sl Sigas ol lis s 5,5 o )8 eolitul 3)50 e

1- Total sediment production (TSP)
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3- Total sediment export (TSE)
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5- Total pond deposition (TPD)
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TSP: Total sediment production, TSD: Total sediment deposition, TSE: Total sediment export, TRE: Total river export
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Introduction: Soil erosion is one of the most important forms of soil degradation which topographical
characteristics are effective on its occurrence and spatial distribution. Actually, soil erosion is one form of soil
degradation that includes on-site and off-site effects and the off-site effect is deposition and sedimentation. In
recent decades, the potential of soil erosion has been recognized as a serious threat against soil sustainability.
Topographical attributes such as slope gradient (S) and slope length (L) are considered as the most important
land surface properties which control energy fluxes, overland and intra-soil transport of water and sediment, and
vegetation cover distribution within a landscape. The L and S are two main factors in the USLE equation which
are meaningfully effective on soil erosion. The development of modern techniques such as geomorphometry has
made it possible to quantify these attributes in GIS environments. Geomorphometry or terrain analysis is a
computer technology-based science in which morphometric and hydrological attributes are calculated by a series
of mathematical algorithms from a digital elevation model (DEM). WaTEM/SEDEM is water and tillage erosion
model/sedimentation which is possible to estimate water erosion and also different forms of sediments in the
watershed and hydrographical network. The accuracy of DEM in this model is really important and effective on
the quality of model outputs.

Material and Methods: Landscape planning tools might help simplify the complexity of soil erosional
processes. Furthermore, using predictive tools open up for the possibilities to investigate the effectiveness of
different management scenarios on soil erosional responses to make a decision for improving soil properties by
application of BMPs. Soil erosion modelling as a landscape planning tool is an efficient way to investigate the
on-site and off-site effects of erosion. At the same time this tool opens up for an opportunity to perform scenario
analysis with the respect to the placement of structural BMPs such as buffer zones. The soil erosion model
WaTEM has been used as a landscape planning tool. WaTEM is a spatially distributed empirical model to
simulate both erosion and deposition by water explicitly in a two dimensional landscape. This soil erosion model
has been used as a landscape planning tool. The Universal Soil Loss Equation (USLE) has been developed to
predict sheet and rill erosion. Desmet and Govers (1996) showed that using the 2D-calculation of the LS-factor
in WaTEM made it possible to predict rill, interrill, and ephemeral gully erosions. In this study the spatial
distribution of soil erosion and deposition affected by different LS-factors were investigated using
WaTEM/SEDEM model that including rainfall erosivity (R-factor), soil erodibility (K-factor), topography (LS-
factor), crop cover (C-factor) and management (P-factor) as GIS layers (.rst format) in Zoji watershed located in
Shush (Khuzestan province). The WaTEM/SEDEM includs three main input parts, the first part consist of DEM,
parcel map and stream network. The second part is CP factor and the third part consist of LS algorithms. The
variations of LS algorithms are a milestone of this model and provide the possibility to define different LS
situations in the watershed. In order to evaluate the effectiveness of LS algorithms, in the simulation process
Govers, McCool, Nearing and Wishmeier-Smith algorithms were defined for WaTEM/SEDEM model.

Results and Discussion: Results of correlation (R=0.78) showed that topography had the highest effect on
soil erosion distribution. Also our results illustrated that the amount of deposition in forms of total sediment
production (TSP), total sediment deposition (TSD) and total sediment export (TSE) between different LS
algorithms were disparate. Based on prediction of rill and interrill erosion, Nearing algorithm was the best LS
algorithm and Govers algorithm was convenient in order to monitor and evaluate gully erosion. This study
results showed that Govers algorithm estimated the highest amount of TSP because the Govers algorithm
basically estimate the sheet, rill, interrill and gully erosion, therefore the amount of sediment in this algorithms is
the highest one. For Govers algorithm the estimated TRE was the highest because the Gully erosion also was in
the calculations and mostly the volume discharge originated from Gully was significantly higher than sheet and
rill erosion. Therefore, regarding the types of prevailing erosion in each case the type of selected LS algorithm to
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simulate soil erosion and deposition distribution should be different.

Conclusion: In general, WaTEM/SEDEM and its LS algorithms is a suitable tool to select and apply best
management practices (BMPs) to control soil erosion at critical areas and hotspots. Our results confirmed that
regarding the selection of each LS algorithm, the amount of sediment components and their distribution could be
different.

Keywords: Best management practices (BMPs), Rill and interrill erosion, Simulation, Specific surface area
of watershed, Topography factor
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Table 1- Chemical and physical properties of the soil
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Table 2- Variance analysis of the effect of sulfur, phosphorus and plant on population of soil
phosphate solubilizing bacteria
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Table 3- Comparison of means of main effects of sulfur, phosphorus and plant on population of soil phosphate solubilizing bacteria
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SO0: without sulfur and biofertilizer containing Thiobacillus, S1: application of 500 kg S + 10 kg biofertilizer containing Thiobacillus, S2:

1000 kg S + 20 kg biofertilizer containing Thiobacillus, S3: 2000 kg S + 40 kg biofertilizer containing Thiobacillus per hectare and PO:
without triple super phosphate, P1: with 100% triple super phosphate, P2: with 65% triple super phosphate based on soil test.
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Figure 1- Comparison of phosphorus solubility in two media containing calcium dihydrogen phosphate and hydroxyl apatite
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Table 4- Comparison of means of interactions effects of sulfur, phosphorus and plant on population of soil
Phosphate solubilizing bacteria
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Table 5- Physiological and biochemical properties of strains
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Introduction: According to WHO and FAO studies, the diseases caused by contaminated foods are of the
most widespread threats to human health in developing and developed countries. Therefore, in recent years,
researchers have been trying to use soil microorganisms to solve this problem and maintain the health of plants
and the environment. Phosphorus after nitrogen, is a major macronutrient in plants which controls the growth,
seeding and fruit production and involves in basic biological functions such as cell division, nucleic acids
synthesis, photosynthesis and respiration and energy transfer. However, high amount of soluble inorganic
phosphate is annually applied to the soil as chemical fertilizer but a large portion of it is immobilized rapidly
after application due to phosphate fixation by aluminum, calcium, iron, magnesium and soil colloids and
becomes unavailable to plants. The use of biological agents especially phosphate solubilizing microorganisms,
can play an important role in supplying plant nutrients and improves crop health and productivity without
causing any harm in agricultural and natural ecosystems. Bacteria and fungi are the two important groups of
phosphate solubilizing microorganisms. Phosphate solubilizing bacteria in soil include Rhizobium, Bacillus,
Pseudomonas, Agrobacterium, Achromobacter, Enterobacter and Burkholderia, and the most important ones
i.e., Bacillus sp. and Pseudomonas flourescens.

Material and Methods: In order to evaluate the effect of Thiobacillus, sulfur and phosphorus application on
population of phosphate solubilizing bacteria in soil, a field experiment was conducted at Zarghan Agricultural
and Natural Resources Research Center of Iran in a factorial, based on complete randomized block design with 3
replications. Treatments consisted of three levels of sulfur fertilizer with biofertilizer containing Thiobacillus
bacteria (without sulfur and biofertilizer containing Thiobacillus (S0), application of 500 kg S + 10 kg
biofertilizer containing Thiobacillus (S1), 1000 kg S + 20 kg biofertilizer containing Thiobacillus (S2) and 2000
kg S + 40 kg biofertilizer containing Thiobacillus (S3) per hectare), three levels of triple super phosphate
(without phosphorus (P0), 100% (P1) and 65% (P2) percent phosphorus recommended based on the soil test) in
two corn planted and not planted states. After harvesting, 72 soil samples were collected from each plot and
transferred to the biology laboratory of soil and water research institute of Karaj. Soil samples were stored in
sterile conditions at 4°C. In order to isolate phosphate solubilizing bacteria, 10 gram of soil from each sample
was suspended in 90 ml of sterilized water to make 1:10 dilution. Then, series of dilution were made (10* — 107)
and 0.1 ml of suspensions of the diluted soil sample were transferred to petri dishes containing pikovskaya
medium and incubated at 28- 30°C. To identify PSP from halos surrounding characterized colonies was used and
counting was performed 1-14 days after cultivation. The colonies were isolated on the basis morphological
characteristics such as shape, color and size and then purified by linear culture. Finally, 60 strains were purified
that were used to compare phosphate solubilizing capability.

Results and Discussion: The results of this study showed that the main and interaction effects of sulfur
fertilizer and biofertilizer treatments of Thiobacillus, phosphorus and plants on the population of phosphate-
solubilizing bacteria (cells per gram of dry soil) in Pikovskaya medium were significant at 0.01 level probability.
The highest population of bacteria was obtained at the lowest level (S1). Increasing the level of sulfur fertilizer
and Thiobacillus biofertilizer decreased the population of phosphate-solubilizing bacteria and the highest level of
sulfur and Thiobacillus biofertilizer led to the lowest bacterial population. Also, the study of phosphorus
application on the bacterial population showed that phosphorus fertilizer at both levels significantly increased the
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bacterial population compared to the control (no application phosphorus). The best fertilizer treatment for
phosphorus application was P1 which had the greatest effect on bacterial population compared to P2 treatment in
Pikovskaya environment. In this experiment, the population of bacteria in corn planted conditions was higher
than in non-planted conditions and this population increase was observed in almost all different levels of sulfur
and phosphorus fertilizers. The highest bacterial population was observed in combined treatment of S1P2 under
corn planted conditions. The results of microscopic, physiological and biochemical tests of the strains showed
that all 60 bacterial strains were capable to form clear zone in Pikovskaya medium. Among them, 15 strains (7,
3, 2 and 3 strains belonging to Bacillus megaterium, Bacillus subtilis, Bacillus cereus and Pseudomonas
fluorescent, respectively) had higher phosphate solubility than the others.

Keywords: Corn, Phosphate solubilizing bacteria, Phosphorus, Sulfur, Thiobasillus
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B 1 (dS.m) (g.cm®) texture
(mg.kg™) (mg.kg™) (%) (%) (%)
0-15 610.01 13.81 0.80 7.6 2.61 1.41 Clay 23.6 47.0 28.6
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Figure 1- Magnetic device used to conduct experiment
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Figure 2- Effect of irrigation with untreated (black column) and magnetized (white column) water on some traits in different

soybean cultivars
The mean (columns) with the same letter were not statistically significant at the 5% level of probability based on the LSD test.
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Figure 3- Effect of irrigation with untreated (black column) and magnetized (white column) water on water use efficiency in

different soybean cultivars
The mean (columns) with the same letter were not statistically significant at the 5% level of probability based on the LSD test.
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Introduction: Since rainfall occurs often in the fall and winter, water is an important limiting factor to
subsequent growing crops especially those in hot seasons like soybean. Therefore, there is a growing focus on
increasing water use efficiency in crops in recent years. Recently, an irrigation technique so-called magnetized

water has been introduced to increase water use efficiency. The researchers have reported that the physical and
chemical properties of water including electrical conductivity, volatility, pH, solubility, surface tension, and
viscosity can be affected by its passage through the magnetic field. Subsequently, these changes lead to
alterations in soil electrical conductivity, soil nutrient mobility, soil water holding capacity, water passage
through the soil profile and soil pH. Increased water use efficiency in soybean (11%) and many leguminous
crops have been demonstrated through their irrigation with magnetized water. However, those studies have
provided no information about the status of bacterial nodulation on legume root in such an irrigation method.
Therefore, the main purpose of this study was to investigate the effect of irrigation with magnetized water on
five soybean varieties on their symbiosis with specific bacteria (Bradyrhizobium japonicum).

Materials and Methods: The experiment was conducted in the open air at the Bu Ali Sina University of
Hamedan in 2018. A completely randomized design with two factors (soybean cultivar and irrigation water type)
and eight replications was applied. The soybean cultivar had five levels (Amir, Zan, Saba, Kosar, and Hobbit)
and irrigation water type had two levels (untreated and magnetically treated water). An equal volume of water (1
liter) was added to each pot every two days. Before adding water to pots for the irrigation with magnetized
water, we passed it through a magnetic tube with a 35 cm long, 1-inch radius and a 0.68 T magnetic field
intensity. On August 26, the plants of the half of replications were harvested to measure shoot dry weight, root
dry weight, number of nodules, nodule dry weight, shoot nitrogen content and root nitrogen content. On
September 10, the plants of the other half of replications were harvested to measure individual seed yield and its
components (number of pods per plant, number of seeds per pod and 100-seed weight). By dividing the seed
yield obtained from each pot to the total volume of water added to each pot during the growing season, water use
efficiency can be calculated.

Results and Discussion: The soybean seedlings irrigated with magnetized water were green 1 to 2 days
earlier than those irrigated with untreated water. The number of seeds per pod was not affected by soybean
cultivar, irrigation water type, and their interaction. In other traits, the simple effects of soybean cultivar and
irrigation water type and their interaction were significant at the 5% level of probability. The cultivars of Amir
and Saba irrigated with magnetized water led to a higher shoot dry weight to root ratio, indicating the allocation
of more resources to the shoot than to the root. The number of nodules formed on the root of all soybean
cultivars (Amir (33.7%), Zan (55.3%), Saba (40.1%), Kosar (62.7%) and Hobbit (51.6%)) increased when they
were irrigated with magnetized water. However, only in Zan (0.70%) and Kosar (45.1%), irrigation with
magnetized water significantly increased the dry weight of nodules. The individual seed yield in all soybean
cultivars (Amir (34.8%), Zan (35.1%), Saba (43.4%), Kosar (26.8%) and Hobbit (21.3%)) was significantly
increased by irrigation with magnetized water, indicating an improved water use efficiency in soybean irrigated
with magnetized water. Based on previous research, the most suitable soil pH range for bacterial growth and
activity was found to be between 6.5 and 7.0. On the other hand, other researchers have shown that irrigation
with magnetized water reduces the soil pH by approximately 0.5 units. Hence, in our experiment, irrigation with
magnetized water probably caused the initial soil pH which was 7.6 to be closer to the optimal range for bacterial
activity. Also, according to previous study, bacterial activity is also dependent on soil dry conditions. On the
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other hand, other researchers have shown that irrigation with magnetized water increases soil water storage
capacity due to reduced water vaporization. Therefore, in our experiment, irrigation with magnetized water
probably provided good moisture conditions for bacterial activity.

Conclusion: The results showed that the irrigation of soybean with magnetized water improved its symbiosis
with its specific rhizobium. Improved symbiosis increased plant seed yield and water use efficiency. Therefore,
improved symbiosis by irrigating soybean with magnetized water can reduce the reliance on nitrogen fertilizer
application in this plant. It can also improve the status of soil fertility for other crops in crop rotation.

Keywords: Bacterial nodule, Legumes, Nitrogen biological fixation, Nitrogen content, Water use efficiency
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6- Soil physical quality index (SPQI)
7- Retention curve program
8- Sand box
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1- Total data set (TDS)
2- Scoring function

3- More is better

4- Less is better

5- Optimum
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7- Eigen vectors
8- Eigen values
9- Weighting
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1- Penetrometer

2- Pore size distribution (PSD)

3- Least limiting water range (LLWR)
4- Integral water capacity (IWC)

5- Integral energy (EI)

6- Principal component (PC)
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Table 1- Principle component analysis using correlation matrix
PC1 PC2 PC3 PC4 PC5 PC6

(Eigen Value) o} e 13.025 7.417 4.883 3.261 1.683 1.053
(Percent) as» 37.214 21.190 13.950 9.318 4.808 3.009
(Cum Percent) ez 1oy 37.214 58.404 72.354 81.672 86.480 89.489

(Soil Physical Properties) S5 5.8 sla Sig (Eigen Vectors) s34 )5,
(Db) ol jogase py> 0.012 0.118 -0.363 0.064 0.232 -0.005
(VC Sand) sy s o 0.101 0.213 0.229 -0.126 0.035 -0.194
(C sand) ey o 0.198 0.208 0.110 -0.027 0.016 -0.059
(M Sand) Lewgio oy 0.233 0.120 -0.087 0.144 0.041 0.100
(F Sand) ;, o5 0.231 0.067 -0.139 0.163 0.023 0.118
(VF Sand) ;) L3 oy 0.202 -0.010 -0.181 0.135 -0.095 0.230
(Sand) 0.247 0.126 -0.063 0.109 0.011 0.081
(Silt) s -0.228 -0.116 0.102 -0.148 -0.107 0.021
(Clay) », -0.219 -0.111 -0.008 -0.028 0.132 -0.211
(OC) J1 o8 -0.176 -0.012 0.126 0.135 -0.505 0.018
(SI) sbsls )yl Lasls -0.079 0.057 0.134 0.198 -0.603 0.086
(MWD) &hS's jhd 3jg 55k -0.122 -0.180 0.010 -0.015 0.218 0.104
(Sgi) S J=sls 0.186 -0.242 0.041 0.083 -0.104 0.015
(PORY) JS' Jsddsss -0.003 -0.143 0.377 -0.067 -0.004 0.161
(PORp) ey délie Jslss 0.083 0.193 0.298 -0.160 0.099 0.182
(PORm) 3, déle Jslss -0.086 -0.306 0.043 0.106 -0.136 -0.067
(ACT) S ol isloes 0.212 -0.110 0.243 -0.036 0.042 -0.091
(ACm) 3, Bl oloa yiloud 0.182 -0.245 0.088 0.060 -0.034 -0.216
(D median) 3l o ailo 0.225 0.130 0.127 -0.058 -0.066 0.073
(D mode) 38l ylaé Ao 0.135 0.235 0.173 -0.132 -0.015 0.153
(D mean) délie jhad - Silo 0.262 0.027 0.022 0.025 -0.112 -0.049
(SD) 3o Jas asj5 ylumacdl ol -0.157 0.252 -0.024 -0.025 -0.071 -0.279
(Skewness) Jélis s g5 (SauiS 0.192 -0.192 -0.170 0.101 -0.102 -0.112
(KUrtosis) ke s 555 sl 3l 0.104 -0.219 0.086 -0.032 0.077 0.111
(RFC) (oo 4230 b s -0.243 0.091 -0.169 0.024 -0.041 0.123
(PAWi100) Y-+ oslizul o8 I -0.074 -0.311 -0.037 0.042 0.072 0.080
(PAWS330) ¥¥+ salil 6 -0.237 0.029 -0.037 -0.013 0.030 0.425
(LLWR100) Y+ + codgiome Jilis b gy asels -0.027 -0.187 0.056 0.407 0.198 -0.104
(LLWRS330) ¥+ codgisme J8lis b gl il -0.189 0.105 0.058 0.299 0.131 0.265
(IWC) ol J,Ssl yiolS 0.087 -0.143 0.309 0.206 0.173 0.165
(E1 PAW100) V- ool 5 I LS5l 65, -0.210 0.147 0.159 -0.104 0.090 0.123
(E1 PAWa30) ¥Y+ ool 6 I LS5l 65, -0.094 -0.095 0.288 -0.106 0.186 -0.224

(E1 LLWR100) V- + cozgioms Jilis b iogh, atels S5l 65,1 -0.077 0.201 0.164 0.371 0.095 -0.022
(E1 LLWR330) Y%+ cysgime Jilis | oogh, aiels S5l 65,1 -0.007 0.118 0.204 0.437 0.101 -0.164
(E1IWC) i JI,55l LtsbeS S5l 5, -0.168 0.202 0.031 0.289 0.049 -0.084
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Table 2- Correlation coefficients of selected variables in PC1, PC2, PC3 and PC4 and related principal components

c 8 8 S ad
2 2 = 3 g = 3 g £ 8¢ 33
3 a o g o S E o g o j 3 a
w
Sand 1
D mean 0.84™ 1
RFC -0.63"  -0.81" 1
PAWS330 0.70" -0.83" 085" 1
PC1 089™ 094" 088" -085" 1
PORm 1
PAWi00 0.69™ 1
PC2 -0.83™" -085" 1
Do 1
PORt 087" 1
PC3 -0.80" 083" 1
LLWR100 1
El LLWR330 050" 1
PC4 0.73" 079" 1
M grept 1™ O o > S pme t® W a0 Iy dme ¥

**: significant (P < 0.01), *: significant (P < 0.05), ": non-significant
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Table 3- The variables of minimum data set using principle component analysis

ol adlae G o asly PSlas Jilas Sl

(PC) Selected variable Unit Max Min Mean
(PC1) s alse (D mean) 38lie by, Sile pm 25.1 05 6.5
(PC2) 293 ailye (PAW100) V- -+ oslizul o cm3 cm’® 0.23 0.12 0.20
(PC3) pouw ailso (PORT) Js Jsdss cm? cm'3 0.51 040 0.6
(PC4) ¢ e 4ilse (EI LLWRs30) ¥Y+ codgize Jolas b gb, ately IS5l 550 T kg? 270 47 184
(PC5) pox; adlge (SI) whbSls gyl jasls % 2.61 0.76  1.30
(PCB) i ailso (PAWS330) ¥¥+ oolazl L cm3 cm? 0.20 0.10 0.16

kol sradlge 435 51 ol 221> asgecmo o S gS Lo ()59 - € g
Table 4- The variable weights of minimum data set using principle component analysis

kol adlze S o L SIS}
(PC) Selected variable Percent Weight
(PC1) Jgl adlge (D mean) ke jhd Sle 0.37 0.41
(PC2) pg> ailhe (PAWI100) V- + odlazl B I 0.21 0.23
(PC3) pow ailye (PORY) Js Jsss 0.14 0.16

(PC4) ¢ ke 4ilze (El LLWRs30) YY+ codgime J8lus b ugby aneby K5l 65,5 0.09 0.10

(PC5) oy adlye (SI) b olub jasls 0.05 0.06
(PCB) s ail3o (PAWs30) v+ sslil L5 0.03 0.04
(Sum) ggexxe 0.89 1

S5 %38 Sk a3t

Loy, 51 oolizol b srdadlls sl Sy i asls
S5 CatS (gl gunio A dlasly )3 (VD) A Aolre A g A ojladd
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()
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()
SPQI= 04155, 1 +023 % Sp 000+ 016 Spop + 040 5 Sgy e + 0063 55 +0.04%
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Figure 1- Scoring functions of selected variables (Range: 0-1)
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Introduction: Soil quality can be considered as a comprehensive index for sustainable land management
assessment. Studying the most important soil physical properties and combining them as an index of soil
physical quality (SPQI) could be used as an appropriate criteria for evaluating and monitoring soil physical
changes. In this regard, this study was conducted to determine the most important soil physical properties and
calculate the SPQI of medium to coarse-textured soils of Khorasan-Razavi province.

Materials and Methods: Torogh Agricultural and Natural Resources Research and Education Station of
Khorasan-Razavi province is located in south-east of Mashhad city (59° 37' 33"-59° 39' 10" E, 36° 12' 31"-36°
13' 56" N). Soil texture variability in this research station is one of its outstanding features. The soil textures are
classified into loam, silt loam, silty clay loam, clay loam, and sandy loam. More than 90% of agricultural soils in
Khorasan-Razavi province are classified in these five texture classes. Using the available data, 30 points with
different soil textures and OC contents were selected. The soil samples were collected from 0-30 cm soil depth at
each point. Intact soil cores (5 cm diameter by 5.3 cm length) were used for sandbox measurements, and
disturbed soil samples were used to determine other properties. Required laboratory analysis and field
measurements were conducted using standard methods. In this research, 35 soil physical properties as total data
set (TDS) including: soil moisture release curve (SMRC) parameters, particle size distribution and five size
classes of sand particles, soil bulk and particle density, dry aggregates mean weight diameter (MWD) and
stability index (SI), S-index, soil porosity and air capacity, location and shape parameters of soil pore size
distribution (SPSD) curves, relative field capacity (RFC), plant available water measured in matric pressure
heads of 100 and 330 hPa for the field capacity (PAW10 and PAW330), least limiting water range measured in
matric pressure heads of 100 and 330 hPa for the field capacity (LLWR10 and LLWR330), integral water capacity
(IWC) and integral energy (EI) of different soil water ranges were measured and calculated for 30 soil samples.
The most important soil physical properties were selected using principal component analysis (PCA) method by
JMP (9.02) software. Selected physical properties as minimum data set (MDS) were weighted and scored using
PCA results and scoring functions, respectively. In this study, three types of linear scoring functions were used.
The soil physical quality index (SPQI) was calculated by two scoring and two weighting methods for each soil
sample and the differences between these four SPQIs were tested by sensitivity index.

Results and Discussion: Principal component analysis results showed that among 35 soil physical properties
(TDS) which were studied at this research, six properties of mean pore diameter (dmean), PAWiqo, total porosity
(PORY), EI LLWRs30, SI and PAW33, accounted for about 90% of the variance between soil samples. Weight of
the selected properties (MDS) was calculated by the ratio of variation in the data set explained by the PC that
contributed the selected property to the total percentage of variation explained by all PCs with eigenvalue > 1. In
this research, the parameters of PAW,q, total porosity (PORy), SI and PAWSs3 were scored using scoring
function of more is better, EI LLWR330 was scored using scoring function of less is better and dmean Was scored
using scoring function of optimum by two scoring methods with score ranges of 0.1-1 and 0-1. Considering
unweighted and weighted MDS and two ranges of scores, four SPQIls were calculated for each soil sample. The
results showed that SPQIs which were calculated by the MDS derived from PCA method and scoring weighted
MDS at the range of 0-1, had the highest sensitivity index and could represent the differences between the
studied soil samples better than other SPQIs. By this method, maximum and minimum SPQI values for the
studied soils were 0.82 and 0.12, respectively. SPQI is a relative comparison criterion to quantify the soil
physical quality which could be applied only for the studied soils with specific characteristics.

Conclusion: The results of this research showed that minimum data set (MDS) explained about 90% of the
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variance between soil samples. Combining MDS into a numerical value called soil physical quality index (SPQI)
could be used as a physical comparison criterion for the studied soils. From the SPQI based on the MDS

indicator method, soil quality was evaluated quantitatively. Soil samples with grade 1, II, 1ll, and IV accounted
for 10%, 36.7%, 30%, and 23.3% of the soil samples, respectively.

Keywords: Minimum data set, Principal component analysis, Soil quality index
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Table 1- Selected Physical and chemical properties of samples studied

5,lowd ailxio PH  cate Iy Josk o o o)
Namber Zone Supsi OC (%) OM (%) Sand (%) Silt (%) Clay (%)
EC(dS/m)
3 el
! (Astaral) 6.16 0.17 3.12 5.38 47 35 18
¥kl
2 (Astara2) 6.33 0.13 2.73 471 61.5 25.3 13.2
Vot
8 (Talesh1) 568 017 663 1143 43 30 27
v il
4 (Talesh2) 5.75 0.15 5.85 10.08 53.5 28.7 17.8
Vretslys)
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Y peslyed s
6 (Rezvanshahr2) 5.76 0.14 2.34 4.04 66.5 22.8 10.7
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7 (Masal) 7.17 0.22 4.68 8.07 27.1 37.9 35
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8 (Siyahkal1) 6.4 0.19 2.73 4.71 61.4 26.8 11.8
v Sal
9 (Siyahkal2) 6.03 0.14 6.24 10.76 35.3 34.8 29.9
¥ JSalew
10 (Siyahkal3) 5.66 0.18 5.07 8.24 44.8 30.7 245
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Table 2- Selected properties of extracted humic acid
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8;lond aibaie N "& - S5 st e Total O owgogR e
HumicAcid COOH Phenolic OH - il & 08 S
Namber Zone acidity Humification i
(mg/g) (mmol/g) (MmolG) (cmoiigy o oy E4/ES ratio
Vool
1 (Astaral) 8.5 3.50 5.87 9.37 27.30 5.14
¥kl
2 (Astara2) 8.9 2.68 4.81 7.49 32.60 4.96
Vol
3 (Talesh1) 35.8 2.87 2.75 5.62 53.99 4.10
Yol
4 (Talesh2) 34.4 2.87 4.62 7.49 58.8 4.00
Vretilys)
Y piilgud y
Jube
7 (Masal) 4.9 3.75 6.25 10.00 10.57 5.93
Y JSalw
8 (Siyahkall) 4.6 3.00 5.75 8.75 16.84 4.98
Y Sl
9 (Siyahkal2) 26.9 2.75 2.87 5.62 43.11 4.32
v ek
10 (Siyahkal3) 20.6 3.25 6.12 9.37 40.63 5.01
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Table 3- Pearsons correlation coefficients between soils physico-chemical properties and humic acids properties

SLlogad ¢ h sl lsio Humic acid value 595 K JonSapi S dipdesl 6 SlagidSim] G
Soil Properties COOH Phenolic OH  Total acidity E4/E6 ratio
pH 0.640* 0.647* 0.552* 0.567* 0.829**
o589 colan(EC) -0.349 0.696* -0.199 0.028 0.565*
S s (0C) 0.880** 0.704* 0.662* 0.684* -0.560*
o (Sand) -0.343 -0.454 0.059 -0.050 -0.144
e (Silt) 0.158 0.655* -0.023 0.177 0.306
w (Clay) 0.423 0.317 -0.128 -0.022 0.048

o0 o pd by gxe /o a3 )b Gre w
**Significance at a level of 0.01,* Significance at a level of 0.05
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Figure 3-The fitting of the adsorption models on humic acid A) Langmuir model B) Freundlich model C) Tampkin model
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Table 4- Coefficients of determination and roots of mean squared error for isotherm models used

e ol 29o5Y Ja g3 Jsa nSed Juta
Namber  metals Langmuir Freunlich model =~ Tempkin model
model
r? RMSE r2 RMSE r2 RMSE
1 o (Cu) 0.62 0.27 0.95 0.08 0.85 4.13
w9, (Zn) 0.80 0.81 0.98 0.07 0.79 5.67
2 o (CU) 0.95 2.60 0.88 0.07 0.89 1.58
9, (ZN) 0.89 0.51 0.99 0.06 0.84 5.28
3 o (Cu) 0.99 1.33 0.82 0.18 0.51 5.83
9, (ZN) 0.99 0.34 0.83 0.04 0.86 0.28
4 e (CU) 0.84 0.39 0.90 0.1 0.69 4.19
9, (ZN) 0.87 0.42 0.99 0.02 0.87 4.35
5 o (Cu) 0.87 0.39 0.71 0.07 0.82 2.59
9, (ZN) 0.62 0.54 0.89 0.11 0.87 1.92
6 e (CU) 0.66 1.41 1 0.02 0.81 3.21
9, (ZN) 0.65 0.40 0.87 0.13 0.78 4,94
7 o (CU) 0.81 0.17 0.98 0.40 0.92 1.19
9, (ZN) 0.86 0.6 0.98 0.06 0.77 5.65
8 o (CU) 0.98 0.17 0.89 0.07 0.76 2.93
9, (Zn) 0.80 0.97 0.99 0.04 0.79 4.93
9 e (CU) 0.94 0.62 0.97 0.02 0.69 0.93
<9, 2N 0.90 0.42 0.92 0.06 0.91 1
10 o (Cu) 0.88 0.75 0.95 0.02 0.86 351

<9, (ZN) 0.93 0.22 0.97 0.07 0.88 3.98
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Figure 4- Comparison of mean R2 and RMSE for Copper
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Table 5- Parameters of adsorption isotherm models in studied soils

oyloy  oljl 119055Y Jo

Numbe metals Langmuir model

ENgy8 Je e Je

Freunlich model ~ Tempkin model

r
KL b Kk 1/n K1 K2

1 ome (Cu) 0.01 40.98 2.57 1.08 26.26 13.41
9, (Zn) 0.02 9.80 37.15 1.79 40.62 17.29
2 o (CU) 0.03 27.85 1.77 0.55 5.12 5.22
sy (ZN) 0.01 10.72 30.20 1.73 39.38 16.78
3 o (Cu) 0.05 5.56 5.62 1.10 17.77 7.97
sy (ZN) 0.14 5.17 6.76 0.27 0.83 0.96
4 o (CU) 0.01 11.96 3.39 0.98 16.69 8.08
<9, (ZN) 0.01 14.44 18.19 1.63 39.59 17.36
5 o (Cu) 0.67 19.72 251 0.46 13.58 7.59
s, (ZN) 0.01 1342 3.38 0.97 12.08 6.44
6 o (Cu) 0.10 20.05 1.02 0.76 14.93 8.38
s, (ZN) 0.02 19.08 1.99 1.00 22.85 12.23
7 o-(Cu) 001 5988 148 084 1456 8.2
s, (ZN) 0.01 11.23 27.54 1.68 36.82 15.73
8 o= (Cu) 0.07 13.44 1.58 0.53 5.58 4.82
<9, (Zn) 0.01 8.66 40.73 1.70 345 14.46
9 o= (Cu) 0.10 16.24 1.86 0.35 1.39 1.60
s9y 2N 0.03 7.79 1.04 0.58 4.96 3.39
10 o (Cu) 0.01 32.36 2.95 1.10 23.45 12.11

s»@n) 001 2127

10.00 1.48 35.47 16.25
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Figure 6- Comparison of metals adsorption on humic acid

Hg=Fe=Pb=Al=Cr=Cu>Cd>Zn>Ni>Co>Mn

e
A = 25 a
4 &
A gq} 20
9 WD i b
A3 g E ?
31 ybi"j“é 10
N g6 5
:(_I, &
£ 0
=

VALY

29V eSSl (ke duw o - JSW

Figure 7- Comparison of the mean of the Langmuir adsorption maximum
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Table 6- Pearsons correlation coefficients between certain humic acid properties and maximum absorption of metals

Sagh gl Sluogad
Humic acid properties

o $9
Cu zZn

8 Fog Sl S
(E4/E6 ratio)

Jrwg s
(COOH)

8 S50
(Phenolic OH)

J5
(Total acidity)

-0.555**  -0.779**

0.759** 0.431
0.677**  0.602*

0.741**  0.584*

o]0 pdaw g3 I gime e o /o) i ) > gime i
**Significance at a level of 0.01,* Significance at a level of 0.05
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Figure 8- Comparison of the mean of the Langmuir constant
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Introduction: Copper and zinc are two of the most important microelements affecting plant growth which
can be influenced by many factors. The adsorption processes play a determinative role in solubility of copper
and zinc elements in the soil solution and, therefore, their availability to plants. Organic matter is one of the most
important factor that have an significant role on the absorption and desorption of elements in the soil. These
materials are divided into humic and non-humic groups. Humic substances are divided into three groups of fulvic
acid, humic acid and humic, based on their resistance and solubility in acid and base. Humic acid with a medium
molecular weight and color is soluble into base and insoluble into acid, and has a medium resistance against the
microbial attack. It forms the most important organic part of the soil and is capable to adsorb metals. The
purposes of this study were to extract soil humic acid, study the adsorption of metals on the surface of humic
acid and to determine the metals adsorption coefficients using adsorption isotherm models.

Materials and Methods: Sampling was done from forest areas of northern Iran. Some physical and chemical
properties of the studied soil were determined. Then, the humic acid of the soils was extracted by 0.1 M NaOH
and 6 M HCI, and purified by 0.1M HCI+0.3M HF. Functional group, E4/E6 ratio (Optical density or absorption
of dilute solutions at wavelengths of 465 and 665 nm), and humification index of the extracted humic acid were
measured. Some other properties of the extracted humic acid have also been analyzed. To study the adsorption
isotherms of Zn and Cu in the presence of humic acid, solutions with concentrations of 10, 20, 40, 60 and 80
mg/L of ZnCl; (zinc adsorption testing) and CuSO4 (copper adsorption testing) were prepared, respectively in a
0.01M Ca(NOs), background solution, and added to 250 g of humic acid. The samples were shaken for 12 hours
(based on the time of equilibrium) at pH=5 and 25 °C in incubator shaker, then the samples were centrifuged and
the supernatant was passed through filter paper and measured using atomic adsorption spectrophotometer device.
The difference between initial concentration and final concentration identified the amount of adsorbed element.

Results and Discussion: The results of the acidic functional groups measurement in the humic acid samples
revealed that the most of total acidity (60%) was due to the presence of phenolic groups while the carboxylic
groups were responsible for the remaining (40%). Phenolic groups were abundant in the primary stages of the
decomposition of humic materials. Since the soil used for extracting humic acid was covered with broad leaf
trees and the continuous entry of organic matter into it (the fall of leaves) lasted for many years and due to the
low temperature of the soil in part of the year, it can be said that a significant part of the soil organic matter is in
the primary or middle stages of humification and the phenolic OH groups/carboxylic groups ratio in the humic
acid extracted from them was high. The equilibrium time for adsorption of both metals occured at 12 h to
achieve maximum adsorption level in the presence of humic acid. The obtained experimental data were fitted to
three models of Langmuir, Freundlich, and Tampkin. The accuracy of mentioned models to fit data were
estimated based on the detection coefficient (R?) and the roots of mean square error (RMSE). The results showed
that the Freundlich model with higher detection coefficient and lower roots of mean squared error describes the
adsorption of copper and zinc elements, well. To better compare the adsorption of the elements by humic acid,
Langmuir's b parameter (Expresses maximum adsorption) can be used. The maximum adsorption of copper
(23.04 mg/g) by humic acid was higher than zinc adsorption (13.8 mg/g). This trend is consistent with the
Irving—Williams series of divalent elements: Mn < Fe < Zn < Co < Ni < Cu. It is generally believed that humic
acid is a good complexing agent for many metal ions and its binding to metal ions can improve the adsorption.

Significance differences were tested by a parametric t-test or F statistics in ANOVA (analysis of variance).
There was a significant correlation between the maximum adsorption of metals (b) and the properties of humic
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acid at a probability level of 5%.
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Figure 2- Long term temperature changes in a number of stations in the study area
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7- Band average atmospheric transmission
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1- Split-Window (SW) algorithms
2- Mono Window (MW) algorithms
3- Single-Channel (SC) algorithms
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Table 1- Summery of Recorded measures vegetation index (NDVI) in the study area

Urban class Mountainous class Rangelands and agriculture class
Min 0.12 0.12 0.12
Max 0.80 0.78 0.82

Mean 0.39 0.37 0.40
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Introduction: In arid and semi-arid regions such as Iran, water is the most important limiting factor in
economic development, and its management is of high importance. In recent years, due to irrigation expansion,
low productivity in agricultural sector, and the rainfall shortage, water resources have been adversely affected in
Iran. Undoubtedly, global warming in arid and semi-arid countries has increased the need for aquatic plants and
the severity of drinking water shortages, making it more difficult to plan for limited resources. Studying the
spatial and temporal changes of evapotranspiration is essential for the comprehensive planning of water
management in Mashhad and providing an appropriate solution for optimal use of available water resources.
However, spatiotemporal analysis of evapotranspiration regardless of the phenomenon of global warming and
thermal island leads to unrealistic results. Therefore, the aim of this study was to address these shortcomings in
previous studies in Mashhad. The specific objectives were: temporal analysis of evapotranspiration in the
existing statistical period and estimation of annual evapotranspiration volume with respect to global warming,
investigating the effect of global warming factors and thermal island on evapotranspiration and eventually water
resources management in Mashhad.

Materials and Methods: This study was carried out in Mashhad, city of Khorasan Razavi province with an
area of 204 square kilometers, in northeastern Iran. Satellite imagery used for this research was a time series
from Landsat 5 (TM sensor), Landsat 7 (ETM +) and Landsat 8 (OLI and TIRS sensors) from 1996 to 2016.
The selected images for 2016 consisted of a time series of 13 images and a 16-day interval. After receiving
satellite imagery, the performance of atmospheric corrections was evaluated based on FLAASH and TAC
methods for reflective and thermal bands, respectively. The radiometric correction of images and reflection
calculation of reflection was also conducted for bands 4 and 5 (values of p) and radiations of thermal bands10
and 11 (Lsen values) in the ILWIS software environment. Then, the temperature of the vegetation was calculated
using different methods of determining the surface temperature (LST).

Result and Discussion: The results showed that, on average, NDVI values in urban, mountainous and
agricultural classes were 0.39, 0.37, and 0.4, respectively. However, the lowest and largest absolute value of
NDVI were, respectively, 0.29 and 0.82, both of which are obtained in agricultural lands. The mean land surface

temperature (LST) was 34.2 °C during days, which had a time and spatial variation between 17.9 to 49.4 °C in
different regions. The highest and lowest mean LST was observed in urban and mountainous applications,
respectively. Urban areas also had a significant difference in LST compared to other land uses due to the type of

land cover in urban areas (mainly asphalt, stone, brick, cement, iron, etc.) and activities such as vehicle traffic,
smoke and heat from factories and industries. The Split-Window (SW) method gave higher LST values

compared with other methods. Then, the single-channel (SC), Improved Mono-Window (IMW) and single-
window (MW) methods provided lower amounts of LST. The same trend was observed in almost all land use
classes in the study area. It was also found that in urban areas, the strongest correlation between air temperature
and LST was calculated by applying SC (R? = 0.937). In mountainous regions, the highest correlation between
air temperature and computed LST was found for the IMW (R2 = 0.951). Similarly, in the agro-rangeland areas,
the highest correlation between air temperature and computed LST was obtained by IMW (R? = 0.953).
Conclusion: In the study area, the general trend of NDVI index was declining between 1996 and 2016.
Reducing the percentage of vegetation cover in different sectors such as agriculture and rangeland, changing the
type of vegetation (crop pattern) in agricultural sector and urban green spaces are the reasons for decreasing
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NDVI index in Mashhad region. The average LST was 34.2 °C in the days, which had a time and spatial
variation between 17.9 to 49 °C in different regions. The maximum and minimum average LST was observed in
urban and mountainous regions, respectively. The SW provided higher LST values compared to other methods.
The SC, IMW and MW methods, however, provided lower LST values. The same trend was observed in almost
all land use classes in the study area. It was also found that in urban areas, the highest correlation between air
temperature and LST was found by using SC (R?=0.937). In mountainous regions, the strongest correlations
between air temperature and LST was observed by using the Split Window Algorithm (SW) Improved Mono-
Window (IMW) (R?=0.951). Similarly, in the agricultural and rangeland areas, the highest correlation between
air temperature and LST was observed using the Split Window (SW) Improved Mono-Window (IMW) (R?
=0.953).
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